Studies of flavonoid compounds from the sweet orange and the grapefruit / by Dunlap, William Joe,
This d is se r ta t io n  has been 
m icro film ed  exactly  as rece ived
DUNLAP, William Joe, 1929- 
STUDIEL OF FLAVONOID COMPOUNDS FROM 
THE SWEET ORANGE AND THE GRAPEFRUIT.
The U n ivers ity  of Oklahoma, Ph.D ., 19G1 
C hem is try , biological
University Microfilms, Inc.. Ann Arbor, Michigan
THE DNIVESSITY OF OKIAK)Ma 
GRADÜRTE COLLEGE
STUDIES OF FLAVONOID COMPOUNDS FSOM THE 
SWEET ORANGE AND THE GRAPEFRUIT
A DISSERTATION 
SUBMITTED TO THE GRADUATE FACULTY 
in  p a r t i a l  f o l f i l lm e n t  o f  th e  req u ire m en ts  f o r  th e
d eg ree  o f 
DOCTOR OF PHILOSOPHY
BY
WILLIAM JOE DUNLAP 
Norman, Oklahona 
1961
STUDIES OF FLAVONOID CCMPOUHDS FROM THE 





The a u th o r  w ishes to  ex p re ss  h is  deep a p p re c ia t io n  to  D r. Simon H. 
Wender f o r  su g g e s tin g  t h i s  problem , f o r  p ro v id in g  a re s e a rc h  a s s i s t a n t -  
s h ip  from funds made a v a i la b le  to  h im , and fo r  h is  c o u n se l, encouragem ent, 
and  p a t ie n c e  d u rin g  th e  cou rse  o f  t h i s  re s e a rc h .  He would a l s o  l ik e  to  
ex p re ss  h is  g r a t i tu d e  to  S u n k is t G rowers, I n c . ,  fo r  p ro v id in g  funds which 
made p o s s ib le  th e se  in v e s t ig a t io n s .
The a u th o r  a ls o  w ish es  to  th an k  th e  f a c u l ty  and s t a f f  o f  th e  D epart­
ment o f C hem istry  f o r  t h e i r  gu idance , c o o p e ra tio n , and a s s i s t a n c e .
F i i ^ l l y ,  he w ishes to  ex p ress  h i s  a p p re c ia t io n  to  h i s  fe llo w  g rad u a te  





LIST OF H G D R E S ........................................   v i
C hap ter
I .  INTRODUCTION ........................................................................................................  1
I I .  STUDIES OF SOME FLAVONOID COMPOUNDS
FROM THE SWEET ORANGE.................................................................................   13
I I I .  STUDIES OF SOME FLAVONOID GCMPOUNDS
FROM THE GRAPEFRUIT............................................................................................4o
IV. SUMMARY..........................................................................................................................52
BIBLIOGRAPHY ......................................................................................................................  64
i v
LIST OF TABLES
T ab le  Page
1 . Rf V alues o f  R eference Flavanone G ly co sid es
and  G lycosides I s o la te d  from O ranges..............................24
2. Rf V alues o f  R eference Flavanone A glycones
and  Aglycones o f  G lycosides from O ranges. . . . . . . . .  26
3 . Rf V alues o f  R eference A rom atic A cids and
P h lo ro g lu c in o l.  . . . . . . . . . . . . . . . . . . . . .  29
4 . F luorescence and C olor R eac tio n s  o f  R eference
A rom atic A cids and P h lo r o g lu c in o l .................................. 30
5 . Rf V alues o f  R eference F lavono id  G ly co sid es
and  F lavonoid  G lycosides from G r a p e f r u i t .................... 48
6 . Rf V alues o f  R eference F lavono id  A glycones and
A glycones o f  G lycosides from G r a p e f r u i t .................... 59
LIST OF FIGURES
F ig u re  I^ge
1 .  F lavanones Found in  C itru s  F r u i t s .............................................  . 3
2 . F la  Tones Found in  C itru s  F r u i t s   ........................................... 4
3 . H e sp e rid in  and  Q esperid in  C halcone. . . . . . . . . . . .  7
4 . Column C h rooatog iaph ic  F ra c t io n a t io n  o f
Flavanones from Orange P ee l  ...................................   21
5 . U l t r a v io le t  A b so rp tio n  S p e c tra  o f  a
Flavanone G lycoside  and A glycone. .  .................................   23
6 . D eg radation  o f  Is o s a k u ra n e tin  and H e sp e re tin . . . . . . .  28
7 . Column C hrom atographic F ra c t io n a t io n  o f
F lavono ids from G ra p e f ru i t .   ..................................................... 45
8 . U l t r a v io le t  A bso rp tio n  S p ec tra  o f E h o ifo lin
and  F ra c tio n  610E 2C -5 ......................................................  52
9 . E aem pfero l.................. .... .......................... .... ............................... . . . .  57
V I
STUDIES OP JFIAVONOID COMPOUNDS FROM THE 
SWEET ORANGE AND THE GRAPEFRUIT
CHAPTER I  
INTRODUCTION
The f i r s t  i s o la t io n  o f  a f la v o n o id  compound from c i t r u s  f r u i t  
was reco rd ed  in  1828 by L ebre ton  (1 ) , who o b ta in e d  from a t in c tu r e  o f  
n a c e ra te d  o ranges a c r y s ta l l in e  su b s tan ce  w hich he c a l le d  h e s p e r id in . 
Subsequent in v e s t ig a t io n  over many y e a rs  f i n a l l y  e s ta b l i s h e d  th a t  
h e s p e r id in  i s  a  flavanone  g ly c o s id e , th e  7-rham noglucoside o f  h e s p e re t in  
(3 ',5 ,7 - tr ih y d ro x y -4 '-m e th o x y f la v a n o n e , F igu re  1 ) ,  a n d 'îh a t  i t  i s  th e  
p r in c ip a l  f la v o n o id  o f th e  sweet o ran g e . C it ru s  s in e n s i s . N a rin g in , th e  
predom inant f la v o n o id  o f  th e  g r a p e f r u i t .  C i t ru s  p a r a d i s i . was d is c o v e r ­
ed in  1857 by De Vry (2) in  f lo w ers  o f  th e  shaddock. C it ru s  g r a n d is , o f 
which th e  g r a p e f r u i t  i s  though t to  be a m u tan t. N aring in  i s  th e  7-rhamno- 
g lu c o s id e  o f  n a r in g e n in  (4 ',5 ,7 - t r ih y d ro x y f la v a n o n e ,  F igu re  1 ) .  E r io -  
c i t r i n ,  th e  7-rham noglucoside o f  e r io d ic ty o l  ( 3 ',4 ',5 ,7 - t e t r a h y d r o x y -  
flav a n o n e . F igu re  1 ) ,  and  d isom in , th e  7-rham noglucoside o f  th e  flav o n e  
d io sm e tin  ( 3 ^ ,5 ,7 - tr ih y d ro x y -4 '-m e th o x y fla v o n e , F igure 2 ) ,  to g e th e r  w ith  
h e s p e r id in  have been e s ta b l is h e d  a s  th e  most abundant f la v o n o id  g ly c o s id e s  
o f  th e  lemon. C it ru s  lim on ( 3 ,4 ,5 ,6 ) .
I n v e s t ig a t io n s  on o th e r  c i t r u s  f r u i t s ,  such a s  th e  so u r  o ran g e .
2C itro s  au ran tiu m , th e  ta n g e r in e . C it ru s  r e t i c u l a t a , and th e  t r i f o l i a t e  
o range , P o n c iru s  t r i f o l i a t e , have r e s u l t e d  in  th e  id e n t i f i c a t i o n  o f a 
number o f  o th e r  c i t r u s  f lav o n o id  compounds. A lthough t h i s  work has be%n 
a d e q u a te ly  review ed ( 7 ,8 ,9 ) ,  c e r t a in  o f  th e se  compounds shou ld  be m entioned 
h e re .  These in c lu d e ; th e  flavanone g ly c o s id e s  n e o h e sp e rid in , a 7-rham po- 
g lu c o s id e  o f h e s p e re t in  which d i f f e r s  from h e s p e r id in  on ly  in  p o s i t io n  o f  
th e  l in k a g e  betw een rhamnose and g lu co se  (10 ,11 ,12 ) and p o n c ir in ,  a 7- 
rham noglucoside o f  is o s a k u ra n e t in  (5 ,7 -d ih y d ro x y -4 '-m e th o x y flav an o n e ,
F igure  1) (1 3 ,1 4 ,1 5 ,1 6 ) ; th e  flav o n e  g ly c o s id e  r h o i f o l in ,  th e  7-rhamno­
g lu c o s id e  o f a p ig e n in  ( 4 ' , 5 , 7 -tr ih y d ro x y fla v o n e . F igure  2) (1 7 ); and 
c e r t a in  h ig h ly  m ethoxy la ted  f la v o n e s , such a s  a u ra n e tin  ( 3 ,4 ',6 ,7 ,8 - p e n ta -  
m ethoxyflavone. F igure  2) (18) and  n o b i le t in  (3 ',4 ',5 ,6 ,7 ,8 -h e x a m e th o x y -  
f la v o n e . F igu re  2) (1 9 ), which have n o t been re p o r te d  a s  o c c u rr in g  in  any 
o th e r  n a tu ra l  so u rc e .
The f la v o n o id  compounds found in  c i t r u s  f r u i t s  a r e  o f  c o n s id e ra b le  
i n t e r e s t .  Much o f t h i s  i n t e r e s t  was o r ig in a l ly  a ro u sed  by r e p o r ts  which 
in d ic a te d  th a t  c i t r u s  f lav o n o id s  m ight be p h y s io lo g ic a l ly  a c t i v e .  In  a 
s e r ie s  o f  p ap ers  in  1936, Szent—Gyorgyi and a s s o c ia te s  (2 0 ,2 1 ,2 2 ) r e p o r t­
ed t h a t  an  e x t r a c t  from lemon j u i c e ,  c a l le d  " c i t r i n " ,  was e f f e c t iv e  in  
d e c re a s in g  c a p i l la r y  p e rm e a b ility  and  in  in c re a s in g  th e  low ered  r e s is ta n c e  
o f  m inute b lood  v e s s e ls  to  b le e d in g  in  p a t ie n ts  w ith  c e r t a in  p a th o lo g ic a l 
c o n d i t io n s .  The a c t iv e  f r a c t io n  o f  t h i s  lemon ju ic e  e x t r a c t ,  which th e se  
w orkers c a l le d  "v ita m in  P" because o f a v ita m in - l ik e  a c t i v i t y  which th ey  
a t t r i b u t e d  to  i t ,  was re p o rte d  to  c o n s is t  n a in ly  o f  f la v o n o id  compounds. 
These r e p o r ts  g r e a t ly  in c re ased  i n t e r e s t  in  f lav o n o id s  from c i t r u s  a s  w e ll 
a s  th o se  from o th e r  so u rc e s , and s tim u la te d  commercial p ro d u c tio n  o f
FIGURE I
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FIGURE 2
FLAVONES POUND IN CITRUS FRUITS
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5f la v o n o id s  from c i t r u s  w a s te . Com m ercially produced c i t r u s  flav o n o id  p re ­
p a r a t io n s ,  p a r t i c u la r ly  th o se  from o ran g es  and lemons, have been employed 
in  many in v e s t ig a t io n s  d es ig n ed  to  e lu c id a te  th e  p o s s ib le  p h y s io lo g ic a l 
ro le  o f  f la v o n o id s . The r e s u l t s  o f  m ost o f  th e se  in v e s t ig a t io n s ,  which 
have o f te n  been c o n f l i c t in g  and u n c e r ta in ,  have been e x te n s iv e ly  review ed 
(2 3 ,2 4 ,2 5 ) . Because of th e  f a i l u r e  o f  th e s e  in v e s t ig a t io n s  to  e s t a b l i s h  
th e  i d e n t i t y  o f  a  su b stan ce  o f  v itam in  n a tu re  in  f lav o n o id  f r a c t io n s  sup­
posed ly  hav ing  "v ita m in  P" a c t i v i t y  ( in d e e d , th e re  was even c o n s id e ra b le  
n e g a tiv e  ev idence  re g a rd in g  any p h y s io lo g ic a l  a c t i v i t y  a t  a l l  in  such 
f r a c t io n s )  th e  term  " v ita m in  P" f e l l  in to  d is f a v o r .  However, in t e r e s t  
in  f la v o n o id s  from c i t r u s  and  o th e r  so u rc e s  co n tin u ed , and th e  term  " b io ­
f la v o n o id "  was a p p lie d  to  th o se  which ap p ea red  p o s s ib le  to  be b io lo g ic a l ly  
a c t iv e  (2 5 ). R eports have co n tin u ed  to  su g g es t th a t  th e  b io f la v o n o id s  may 
have some im portan t p h arm aco log ica l p r o p e r t i e s ,  in d ic a t in g  th a t  th e y  may 
be in v o lv ed  in  such fu n c tio n s  a s  n e in te n a n c e  o f  th e  i n t e g r i t y  o f th e  c a p i l ­
la ry  t r e e ,  in h ib i t i o n  o f  th e  o x id a tio n  o f  e p in e p h rin e , and  p h y s io lo g ic a l 
a c t io n  o f v itam in  C.
The f la v o n o id s  p re s e n t in  c i t r u s  f r u i t s  a r e  o f  te c h n o lo g ic a l and 
economic i n t e r e s t  to  th e  expanding  c i t r u s  p ro c e s s in g  in d u s try ,  which now 
u t i l i z e s  more th an  h a l f  o f th e  annual o ran g e , g r a p e f r u i t ,  and lemon crop  
o f th e  U nited S ta te s .  An e s s e n t i a l  f e a tu r e  o f t h i s  in d u s try  i s  th e  p r o f i t ­
a b le  u t i l i z a t i o n  of th e  w aste m a te r ia l  from p ro c e ss in g  fo r  m anufacture o f 
b y -p ro d u c ts . T his w a s te , w hich am ounts to  more than  h a l f  the  w eight o f  
c i t r u s  f r u i t s ,  i s  m ain ly  composed o f  th e  p ee l and  a f r a c t io n  known as  rag  
and p u lp , which c o n s is t s  o f  fragm en ts o f  th e  f r u i t  co re  and  segment w a lls .  
From th e  b r ig h t ly  c o lo re d  ep iderm al l a y e r  o f  th e  p e e l ,  th e  f la v e d o , la rg e
6q u a n t i t i e s  o f  e s s e n t i a l  o i l s  a re  produced. The %diite, spongy, parenchyma­
to u s la y e r  o f  th e  p e e l ,  the a lb e d o , and th e  ra g  and p u lp  a re  used  fo r  
m anufacture  o f  p e c t in  and c a t t l e  fe e d . The a lb e d o , ra g , and p u lp  a ls o  con­
t a in  a lm o st 90% and 75-80% r e s p e c t iv e ly  o f th e  t o t a l  f la v o n o id  g ly c o s id e s  
o f  th e  g r a p e f r u i t  and orange (2 7 ,2 8 ) . Two and o n e -h a lf  to  4% o f  th e  dry  
w eight o f  th e s e  f r u i t s  c o n s is ts  o f  f la v o n o id  g ly c o s id e s ,  w ith  th e  lemon 
a p p e a rin g  s im i la r  in  t h i s  r e s p e c t .  Thus, p r o f i t a b le  recovery  o f  th e se  
compounds from c i t r u s  w astes i s  o f  commercial i n t e r e s t .
There has been a r e l a t iv e ly  sm all b u t s te a d y  com m ercial p ro d u c tio n  
o f  s e v e ra l  c i t r u s  flav o n o id  p re p a ra t io n s ,  p r in c i p a l l y  f r a c t io n s  s im i la r  
to  th e  o r ig in a l  " c i t r i n "  from th e  la n o n , and  h e s p e r id in  f r a c t io n s  from th e  
o range , d u r in g  th e  l a s t  tw enty f iv e  y e a rs .  These p ro d u c ts  have been em­
p loyed  m o stly  f o r  in v e s t ig a t io n a l  u se , bo th  la b o ra to ry  and c l i n i c a l ,  
and fo r  u se  in  p h arm aceu tica ls  (2 3 ,2 4 ,2 5 ) . In  re c e n t  y e a rs  th e re  has a l s o  
been com m ercial p roduction  o f  n a r in g in  from g r a p e f r u i t  w a s te s . Ife rin g in  
p ro d u c ts  have a p p a re n tly  found l i t t l e  use c l i n i c a l l y  o r  in  p h a rm a ceu tica ls  
b u t a re  u sed  in  th e  food in d u s try  to  enhance th e  p iq r a n t  f l a v o r  o f  b ev er­
a g e s , c o n fe c tio n s ,  and marmalade made from sw eet o ranges (2 9 ) . H esp erid in  
and  n a r in g in  have a ls o  been recommended a s  co u p lin g  a g e n ts  in  th e  p re­
p a ra t io n  o f  a c id  azo dyes and  wood s t a i n s ,  and a s  s t a r t i n g  m a te r ia ls  fo r  
p ro d u c tio n  o f  f in e  chem icals (2 7 ,2 8 ) .
P ro c e sse s  fo r  p ro d u c tio n  o f h e s p e r id in  and  r a r in g in  a r e  b ased  on 
co n v e rs io n  o f  th e  flavanone g ly c o s id e s  to  th e  c o rre sp o n d in g  ch a lco n es .
In  a lk a l in e  medium th e  T —pyrone r in g  o f  flav a n o n es  opens to  produce 
ye llo w  c o lo re d , h ig h ly  so lu b le  ch a lc o n e s , >riiich may be re c o n v e rte d  to  th e  
l e s s  s o lu b le  flav an o n es  by a c id i f y in g  th e  medium (F ig u re  3 ) .  In  a ty p ic a l
FIGURE 3
HESPERIDIN AND HESPERIDIN CHALCONE
G
RO OCH3RO
a l k a l i
a c l d
OHOH
H e sp e rid in Hesperidin Chaloone
8p ro c e d u re , used  by S u n k is t G rowers, In c , fo r  th e  p ro d u c tio n  o f  h e s p e r id in  
p ro d u c ts  (2 9 ), ground orange p e e l i s  h e a v ily  lim ed to  g iv e  a pH o f about
11 . The flavanone g ly c o s id e s  p r e s e n t ,  id iich  c o n s is t  m ostly  o f  h e s p e r id in , 
a re  c o n v e rted  to  th e  co rre sp o n d in g  ch a lco n es , and  th e  e x t r a c t  c o n ta in in g  
th e se  compounds i s  th en  squeezed  from th e  p e e l r e s id u e  by pow erful p r e s s e s .  
The ex u d ate  i s  f i l t e r e d ,  pumped to  a g la s s - l i n e d  ta n k , and b rought to  j ü  
6 w ith  h y d ro c h lo r ic  a c id .  The a c id u la te d  s o lu tio n  i s  h ea ted  and allow ed 
to  s ta n d  o v e rn ig h t, d u rin g  which tim e th e  chalco n es  a re  re co n v e rted  to  
f la v a n o n e s , which c r y s t a l l i z e  ou t w ith in  a few h o u rs  a t  room te m p e ra tu re . 
The c r y s t a l l i n e  m a te r ia l  i s  f i l t e r e d ,  and  may be r e c r y s t a l l i z e d  to  ob­
t a i n  more h ig h ly  p u r i f i e d  h e s p e r id in .  N aring in  i s  produced in  a s im i la r  
p ro c e s s .
F lavono id  compounds nay a f f e c t  th e  g e n e ra l q u a l i ty  and  a c c e p ta b i l i t y  
o f  p ro cessed  c i t r u s  p ro d u c ts , such  as  ju ic e  and  canned segm ents. N aring in  
i s  ex trem ely  b i t t e r ,  one p a r t  in  50,000 b e in g  d e te c ta b le  by t a s t e ,  and  i s  
re s p o n s ib le  f o r  much o f  th e  b i t t e r n e s s  o f  th e  g r a p e f r u i t .  S ince th e  p e e l ,  
segment w a lls ,  and core  o f  th e  g r a p e f r u i t  c o n ta in  m ost of th e  n a r in g in , 
g r e a t  c a re  must be e x e rc is e d  to  m inim ize e x t r a c t io n  o f  t h i s  conç>ound from 
th e s e  n oned ib le  p o r t io n s  o f  th e  f r u i t  d u r in g  p ro c e s s in g , o r  e x c e ss iv e ly  
b i t t e r  p ro d u c ts  may r e s u l t .  D e b it te r in g  o f  g r a p e f r u i t  p ro d u c ts  by enzy­
m a tic  h y d ro ly s is  o f  th e  n a r in g in  to  th e  ag lycone  n a r in g e n in  o r  th e  mono- 
g lu c o s id e  o f  n a r in g e n in , c a l le d  p ru n in , n e i th e r  o f id iich  i s  b i t t e r ,  has 
been su g g es ted  (3 0 ).
U nlike n a r in g in , h e s p e r id in  i s  t a s t e l e s s ,  b u t i t  i s  very  in s o lu b le  
in  m ost s o lv e n ts ,  w ith  o n ly  one p a r t  b e in g  s o lu b le  in  50,000 p a r t s  o f  
w a te r  a t  21°C. Hence, i f  e x c e ss iv e  amounts o f  h e s p e r id in  a re  e x tra c te d
9in to  orange o r  lemon p ro d u c ts  d u rin g  p ro c e ss in g , c r y s t a l l i n e  m asses of 
t h i s  g ly c o s id e  a r e  l i k e ly  to  form in  th e  f in is h e d  p ro d u c t. A lso , ex­
c e s s iv e  h e s p e r id in  may p r e c ip i ta te  a s  a s c a le  on p ro c e s s in g  equipm ent, 
n e c e s s i t a t i n g  c o s t ly  shutdowns o f  p ro c e ss in g  p la n t  o p e ra tio n s .
The f la v o n o id  compounds o f c i t r u s  f r u i t s  a r e  a ls o  o f  i n t e r e s t  be­
cause  o f  t h e i r  p o s s ib le  c o n tr ib u tio n  to  th e  n u t r i t i o n a l  va lu e  o f  f re sh  
f r u i t .  The p re sen ce  o f  f la v o n o id s  in  o ranges has been e x p lo ite d  in  adv er­
tis e m e n ts  u rg in g  consum ption o f  f r e s h  o ran g es.
The o ccu rren c e  o f  f la v o n o id  compounds in  c i t r u s  f r u i t s  in v i t e s  con­
je c tu r e  re g a rd in g  th e  p o s s ib le  fu n c tio n  and b io s y n th e s is  o f  th e s e  compounds. 
I t  has been  g e n e ra l ly  observed  (1 2 ,2 7 ,2 8 ,3 1 ) t h a t  th e  a b s o lu te  f lav o n o id  
c o n te n t p e r  f r u i t  in c re a s e s  d u r in g  th e  grow th o f  c i t r u s  f r u i t s  rç> to  a
c e r t a in  e q u a to r ia l  d iam ete r (about 2 in .  f o r  g r a p e f r u i t  and  o ranges) and
th e n  becomes ap p ro x im ate ly  c o n s ta n t ;  th e  in c re a s e  in  s iz e  and w eigh t o f  th e  
grow ing f r u i t  th e n  r e s u l t s  in  a d e c re a se  o f  th e  p e rce n tag e  o f f la v o n o id s  
w ith  m a tu r i ty .  The p e rcen tag e  o f  t o t a l  s o l id s  w hich c o n s is ts  o f  f la v o n o id s  
in  f r u i t  in  th e  e a r ly  s ta g e s  o f  developm ent i s  v e ry  h i^ u  Workers in
F lo r id a  (27 ,28) re p o r te d  up to  75% n a r in g in  on a d ry  w eigh t b a s is  in  g rape­
f r u i t  o n e -h a lf  in c h  in  d ia m e te r , and up to  35% h e s p e r id in  in  sw eet oranges 
o f  th a t  s i z e .  The e x t r a o r d in a r i ly  h ig h  c o n c e n tra tio n  o f f la v o n o id s  found 
in  sm all c i t r u s  f r u i t s  ap p ea rs  to  in d ic a te  th a t  th e s e  compounds may have 
an  im p o rtan t m e ta b o lic  ro le  in  c i t r u s ,  p a r t i c u l a r l y  in  e a r ly  developm ent 
o f  th e  f r u i t .  However, such a m e ta b o lic  r o le  has no t been dem onstra ted  
f o r  f la v o n o id s  in  c i t r u s  o r  o th e r  p la n ts  (3 2 ,3 3 ,3 4 ) , and th e  a c t i » l  func­
t i o n  rem ains o b sc u re . And, a lth o u g h  some p ro g re s s  has been made reg a rd ­
in g  th e  b io s y n th e s is  o f  f la v o n o id s  in  p la n ts  (3 5 ,3 6 ,3 7 ) , th e  m ajo r q u e s tio n s
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re g a rd in g  f la v o n o id  b io sy n th e s is  in  c i t r u s  rem ain unansw ered.
R eg ard less  o f  th e  in t e r e s t  in  th e  f la v o n o id s  o f  c i t r u s  f r u i t s ,  and 
th e  n»ny in v e s t ig a t io n s  o f th e  c o n te n t o f  th e se  compounds in  v a r io u s  
sp e c ie s  and v a r i e t i e s  o f  f r u i t ,  th e  knowledge o f th e  in d iv id u a l  f la v o n o id  
c o n te n t o f  th e  v a r io u s  f r u i t s  i s  s t i l l  r a th e r  m eager. I n v e s t ig a t io n s  
have g e n e ra l ly  succeeded  only in  id e n t i f y in g  th e  f la v o n o id s  p re s e n t  in  
l a r g e s t  q u a n t i ty  in  a given f r u i t .  The sw eet o ran g e , Ç. s i n e n s i s . may 
be p re s e n te d  a s  an  exam ple. H esp erid in  has long  been known a s  th e  
p r in c ip a l  f la v o n o id  o f th i s  f r u i t ,  and f la v o n o id  p re p a ra t io n s  from 
t h i s  so u rce  have re c e iv e d  much a t t e n t i o n  and s tu d y  because o f  th e  pos­
s ib le  p h y s io lo g ic a l a c t iv i t y  of such su b s ta n c e s . N e v e r th e le s s , no 
f la v o n o id  o th e r  th a n  h esp e rid in  had p re v io u s ly  been u n e q u iv o c a lly  i d e n t i ­
f i e d  in  t h i s  f r u i t  o r  flavono id—r ic h  p re p a ra t io n s  from i t ,  even though 
the  p re sen ce  o f  such compounds was su sp e c ted  (2 2 ,3 8 ,3 9 ) . I^ p e r  and  column 
chrom atograph ic  s tu d ie s  in  t h i s  la b o ra to ry  have in d ic a te d  th a t  most 
h e s p e r id in  sam ples, in c lu d in g  even supposedly  pure  re s e a rc h  o n es , have 
v a r ie d  in  com p o sitio n , c o n ta in in g  o th e r  flavanone g ly c o s id e s ,  and  o f te n  
non -flav an o n e  m a te r ia ls ,  A s im i la r  s i tu a t io n  has a p p a re n tly  e x i s t e d  w ith  
o th e r  c i t r u s  f r u i t s  and  f la v o n o id - r ic h  p re p a ra t io n s  produced  from them , 
a lth o u g h  re c e n t s tu d ie s  by H orow itz ( 3 ,4 ,5 ,6 ) have se rv ed  to  c l a r i f y  th e  
s i t u a t io n  w ith  re g a rd  to  the flav o n o id  c o n te n t o f  th e  lem on.
The g e n e ra l la c k  o f  chrom atographic p u r i ty  o f  f la v o n o id  sam ples from 
c i t r u s ,  and  th e  absence o f  unequivocal e lu c id a t io n s  o f th e  f la v o n o id  con­
t e n t s  o f  most c i t r u s  f r u i t s  a re  probab ly  a t t r i b u t a b l e  to  th e  extrem e d i f f -  
c u l ty  in  s e p a ra t in g  c lo se ly  r e l a t e d  f la v o n o id  g ly c o s id e s ,  p a r t i c u l a r l y  th e  
flav an o n e  g ly c o s id e s  vriiich predom inate in  th e  o range and g r a p e f r u i t .  These
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compounds have a rem arkab le tendency  to  form complex c r y s ta l s  w ith  o th e r  
s im i la r  g ly c o s id e s , w hich g r e a t ly  a f f e c t  t h e i r  s o l u b i l i t y  and  o th e r  p h y s i­
c a l  p r o p e r t i e s ,  th u s  m aking t h e i r  p u r i f i c a t i o n  by c l a s s i c a l  m ethods, such 
a s  s o lv e n t p a r t i t i o n  and  r e c r y s t a l l i z a t i o n ,  very  d i f f i c u l t .  T h is  i s  e s ­
p e c i a l l y  t r u e  when one g ly c o s id e  must be s e p a ra te d  from a c lo s e ly  r e l a t e d  
one w hich i s  p re se n t in  much g r e a te r  q u a n t i ty .  A lso , la ck  o f  unequivocal 
methods f o r  id e n t i f i c a t i o n  o f  s n e l l  q u a n t i t i e s  of pure flavanone  ag ly ­
cones has impeded i d e n t i f i c a t i o n  work.
The developm ent o f  s a t i s f a c to r y  p ro ced u res  by w hich oon^xsnents o f  
complex f la v o n o id  m ix tu res  from  c i t r u s  f r u i t s  cou ld  be se p a ra te d  and p u r i ­
f i e d ,  and a p p l ic a t io n  o f  th e s e  methods in  s tu d ie s  to  e lu c id a te  f u r th e r  th e  
f la v o n o id  c o n te n t o f  o ranges and  g r a p e f r u i t  were th e  o b je c t iv e s  o f  t h i s  
th e s i s  r e s e a rc h .  The accom plishm ent o f  th e s e  o b je c tiv e s  c o u ld  be ex p ec t­
ed  to  be o f  use f o r  s e v e ra l  re a s o n s . More com plete d e te rm in a tio n  o f th e  
f la v o n o id s  o f  th e  orange c o u ld  y ie ld  in fo rm a tio n  co n ce rn in g  th e  v a r ia t io n s  
in  f la v o n o id  com position  w hich might be expected  in  h e s p e r id in  f r a c t io n s  
p re p a re d  from i t ,  and  th u s  u l t im a te ly  a s s i s t  in  e x p la in in g  some o f  th e  con­
f l i c t i n g  r e s u l t s  o b ta in ed  in  la b o ra to ry  and c l i n i c a l  t e s t s  in  w hich com­
m e rc ia l h e s p e r id in  sam ples have been em ployed (2 2 ,2 3 ,2 4 ) . A lso , methods 
o f  s e p a ra t io n  and p u r i f i c a t i o n  o f  th e  c i t r u s  f la v o n o id s  w ould nake pos­
s i b l e  th e  p re p a ra t io n  o f  h ig h ly  p u r i f i e d  sam ples o f  in d iv id u a l  f la v o n o id s  
w hich c o u ld  be used  in  p h y s io lo g ic a l  s t u d i e s .  And, a d d i t io n a l  in fo rm a tio n  
c o n ce rn in g  th e  f la v o n o id s  o f  o ranges and  g r a p e f r u i t  would be o f  v a lu e  in  
s tu d ie s  on the b io s y n th e s is  and  ro le  in  p la n t m etabolism  o f  f la v o n o id s .
T h is  work was i n i t i a t e d  because o f  th e  i n t e r e s t  o f S u n k is t Growers, 
I n c . ,  in  th e  f la v o n o id  c o n te n t o f  th e  o ran g e , and of h e s p e r id in  f r a c t io n s
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w hich t h i s  c o rp o ra tio n  produces from t h i s  f r u i t .  In  C hapter I I  th e  is o ­
l a t i o n ,  p u r i f i c a t i o n ,  and id e n t i f i c a t i o n  o f  c lo s e ly  r e la te d  flavanone  g lyco­
s id e s  from  th e  sw eet o range , Ç. s in e n s i s , a re  d e s c r ib e d . A f la v o n o id  
f r a c t i o n  i s o l a t e d  in  t h i s  la b o ra to ry  from f r e s h  orange p e e l ,  and  h e s p e r id in  
sam ples p ro v id ed  by S u n k is t Growers were exam ined, w ith  column and  i^ p e r  
ch rom atograph ic  p ro ced u res  b e in g  s u c c e s s fu lly  enÇsloyed f o r  th e s e  s tu d ie s .  
When some su c c e ss  was ach iev ed  in  th e  s tu d y  o f  th e  orange f la v a n o n e s , 
a p p l ic a t io n  o f  s im i la r  methods was a ttem p ted  f o r  exam ination  o f a com­
m e rc ia l n a r in g in  p ro d u c t p rep a red  by S u n k is t Growers from th e  g r a p e f r u i t ,
Ç . p a r a d i s i . In  C hapter I I I  th e  i s o l a t i o n ,  p u r i f i c a t i o n ,  and  id e n t i ­
f i c a t i o n  o f  some flav o n o id s  from t h i s  sou rce  a r e  d e s c r ib e d .
CHAPTER II
STUDIES OF SOME FLAVONOID COMPOUNDS 
FROM THE SWEET ORANGE
I s o la t io n  o f  a F lavonold-R ich  F ra c tio n  
from F resh  Orange Peel
Two o ases  o f  r ip e  S u n k is t V alencia  S en a to r o ran g es , grown by the 
F ra n c is  C it ru s  A ss o c ia tio n , T u s tin , C a l i f o r n ia ,  and k in d ly  s u p p lie d  by 
S u n k is t Growers, I n c . ,  O n ta r io , C a l i fo rn ia ,  were washed by d ip p in g  in  
' ^ e l "  s o lu t io n ,  sc ru b b in g  b r i e f l y ,  and  r in s in g  th o ro u g h ly  in  ta p  and 
f i n a l l y  d i s t i l l e d  w a te r . The p e e ls  (flavedo  and a lbedo ) were c a r e fu l ly  
removed and  ground w ith  iso p ro p y l a lc o h o l in  a la b o ra to ry  wet g r in d e r  
and  e x t r a c to r  (4 0 ). The ground p e e l was th e n  e x tra c te d  tw ice  w ith  
ap p ro x im ate ly  6 1 . o f  iso p ro p y l a lc o h o l and  once w ith  app ro x im ate ly  6 1 . 
o f  85% iso p ro p y l a lc o h o l -  15% w ate r a t  b o i l in g  tem p era tu re  fo r  5 h r .  p e r 
e x t r a c t io n .  The f i l t e r e d  e x t r a c t s  o b ta in e d , which were o ra n g e -re d  in  c o lo r ,  
w ere ccxnbined and  reduced  in  volume _^ n vacuo to  abou t 800 m l. A heavy 
p r e c i p i t a t e  which formed was f i l t e r e d ,  and t h i s  p r e c ip i ta te  was th en  tw ice  
suspended in  and f i l t e r e d  from ho t m ethyl a lcraho l. C hrom atographic study 
o f  th e  m ethyl a lc o h o l w ashings showed th a t  th e y  c o n ta in e d  th e  same com­
p onen ts  a s  th e  p r e c i p i t a t e ,  p lu s  o th e r  su b stan ces  w hich d id  no t appear to  
be f la v o n o id s . The w ashings were no t s tu d ie d  f u r th e r .  The p r e c ip i t a t e ,  
d e s ig n a te d  P r e c ip i ta t e  2 , was th o ro u g h ly  washed w ith  hot a c e to n e , which
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removed a l l  o f i t s  o rang e-y e llo w  c o lo r .  A powdery, l ig h t-w e ig h t ta n  m a te r i­
a l  re g a in e d , w hich in  appearance and  on p aper chromatograms was v ery  s im i­
l a r  to  S n n k is t h e s p e r id in  p ro d u c ts . T h is m a te r ia l  gave a deep re d -p u rp le  
c o lo r  on re d u c tio n  w ith  magnesium and h y d ro c h lo r ic  a c id ,  and a red -o ran g e  
c o lo r  >dien d is so lv e d  in  c o n c e n tra te d  s u l f u r i c  a c id ;  b o th  r e a c t io n s  a re  
ty p i c a l  o f  f lav a n o n es .
P re lim in a ry  Chrom atographic S tu d ie s  o f 
F lavono ids from Oranges
Fhper Chrom atographic S tu d ie s  
P rev ious work i n  t h i s  la b o ra to ry  had in d ic a te d  th a t  paper chroma- 
tograpfh ic methods were q u i te  e f f e c t iv e  fo r  s e p a ra t in g  many c lo s e ly  r e l a t ­
ed  f la v o n o id s , p a r t i c u l a r ly  fla v o n e s  and f la v o n o ls  and th e i r  g ly c o s id e s .
The f la v o n o id - r ic h  f r a c t io n  i s o la te d  from f r e s h  orange p>eel. P r e c ip i ta t e  
2 , and h e s p e r id in  p re p a ra t io n s  produced from oranges by S u n k is t Growers 
w ere , th e r e f o r e ,  s u b je c te d  to  pap>er chrom atography in  o rd e r  to  determ ine  
th e  f e a s i b i l i t y  o f  th e s e  methods f o r  s e p a ra t io n  o f  f la v o n o id  m ix tu re s  
from oranges and  a l s o  to  o b ta in  in fo rm a tio n  re g a rd in g  th e  com plex ity  of 
th e  v a r io u s  sam ples.
Samples p ro v id ed  by S u n k is t w ere: P roduct No. 168, H e sp e rid in  Com­
p le x , a conanercial p ro d u c t s a id  to  c o n ta in  63% h e s p e r id in  p lu s  o th e r  un­
known f la v o n o id s ; P roduct No. 165, H esp erid in  P u r i f ie d ,  a com m ercial 
p ro d u c t c o n ta in in g  80% minimum h e s p e r id in ;  Sample No. D-2775, Crude Hes­
p e r id in ;  and Sample No. A6209, H esp e rid in  ( P u r i f ie d ) ,  a h ig h ly  p u r i f i e d  
re s e a rc h  sample o f h e s p e r id in ,  which was th e  p u re s t h e s p e r id in  a v a i la b l e .  
M ethyl a lc o h o l s o lu t io n s  o f th e s e  p re p a ra t io n s  and P r e c ip i ta t e  2 were 
s p e t te d  and  s tre a k e d  h e a v ily  on Whatman 3 MM and No. 1 p a p e rs . The
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chrom atogram s w ere d e re lo p ed  in  a number o f so lv en t system s, in c lu d in g  n - 
b u ty l  a l c o h o l r a c e t ic  a c id :% a te r  (6 : 1 : 2 , v /v /v ,  h e r e a f t e r  r e f e r r e d  to  a s  
BAW), 15% a c e t i c  a c id rw a te r ,  60% a c e t i c  a c id :w a te r ,b e n z e n e : n itro m eth an e : 
w a te r (3 :2 :5 ,  v /v /v ,  h e r e a f t e r  c a l le d  BNW), n -b u ty l a lc o h o l:p y r id in e :  
b en zen e :w ate r (5 :3 ;1 :3 ,  v /v /v /v ,  c a l le d  BAFBW), s o lv e n ts  c o n ta in in g  d i ­
m ethyl s u lfo x id e  (in  which h e s p e r id in  i s  very  s o lu b le ) ,  and s o lv e n ts  con­
ta in in g  l i g r o i n  (4 1 ), The chromatograms re v e a le d  th a t  a l l  th e  sam ples 
c o n ta in e d  more t i e n  one component, a lth o u g h  th e  c ju a n tit ie s  of a l l  b u t th e  
m ajor com ponent, presum ably h e s p e r id in , w ere very  low. The com plex ity  a p ­
p eared  t o  vary  d i r e c t l y  w ith  th e  s t a t e d  p u r i ty  o f  th e  sam ple, w ith  Pre­
c i p i t a t e  2 ap p ea rin g  s im i la r  to  th e  H esp erid in  Complex. Most o f th e  t r a c e  
components appeared  to  be very  s im i la r  to  th e  m ajor component, and  were 
th e r e f o r e ,  tho u g h t to  be flavanone  g ly c o s id e s . SaA.,;,.'’ = No. A6209 ap p ea red  
to  be v e ry  p u re , bu t ïrtien chromatograms o f  heavy c o n c e n tra tio n s  o f  t h i s
su b stan ce  were sp rayed  w ith  1% a lc o h o lic  aluminum c h lo r id e  and viewed
o
under v e ry  in te n s e  Ü.V. l i g h t  (3660A, B lak-Eay, U ltra -V io le t  P rod . I n c . ,  
San G a b r ie l ,  C a l i f o r n ia ) ,  t r a c e s  o f  im p u r it ie s  were v i s i b l e .
These s tu d ie s  in d ic a te d  t h a t  th e  use o f  p ap er chrom atography fo r  
s e p a ra t io n  o f th e s e  orange f la v o n o id  f r a c t io n s  was no t f e a s ib l e .  The 
Rf v a lu es  o f  th e  t r a c e  compxanents were very  s im i la r  to  th o se  o f  th e  m ajor 
component in  a l l  so lv e n t sy stem s, making s e p a ra t io n  d i f f i c u l t .  A lso , th e  
v e ry  low c o n c e n tra tio n s  o f  th e  t r a c e  components in  r e l a t io n  to  th e  con­
c e n t r a t io n  o f th e  m ajor component, h e s p e r id in , made th e  o b ta in in g  of 
s u f f i c i e n t  c ju a n tit ie s  o f  th e  unknown su b stan ces  fo r  i d e n t i f i c a t i o n  a pro­
h ib i t i v e  ta s k .  Hence, i t  was n e c e ssa ry  to  tu rn  to  an o th e r  method fo r  
s e p a ra t io n  o f th e  f la v o n o id  f r a c t io n s  from o ran g es .
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P i lo t  Col mm C hronetograph ic  S t td ie s  
Col mm chroBfâtography, em ploying th e  s y n th e t ic  hydrous magnésium 
s i l i c a t e ,  ifagnesol (Food tfech inery  and  Chem ical C o rp ., Westvaco Chemical 
D iv is io n , New Y ork), a s  a d s o r te n t ,  had a ls o  been used  s u c c e s s fu lly  in  
t h i s  la b o ra to ry  f o r  s e p a ra tio n  o f some m ix tu re s  o f  f la v o n o id s  (4 2 ,4 3 ) . 
T h e re fo re , th e  v a r io u s  S u n k is t h e s p e r id in  sam ples and P r e c ip i ta t e  2 
were chrom atographed on a number o f  p i l o t  columns em ploying t h i s  a d -  
so rb a n t .  These p i l o t  s tu d ie s  in d ic a te d  t h a t  by means o f  chrom atography 
on Ifagnesol columns c lo s e ly  r e l a t e d  flav an o n e  g ly c o s id e s  from oranges 
co u ld  be s e p a ra te d , and  s u f f i c i e n t  q u a n t i t i e s  o f  a t  l e a s t  some o f  th e  
g ly c o s id e s  p re s e n t  in  m inor q u a n t i ty  cou ld  be p rep a red  in  pure form fo r  
i d e n t i f i c a t i o n  s tu d ie s .
B est r e s u l t s  were o b ta in e d  when th e  column was packed, under 5 l b .  
a i r  p r e s s u re ,  w ith  Ib g n e so l s lu r r i e d  in  m ethyl a lc o h o l .  The column was 
th e n  washed tho rough ly  w ith  m ethyl a lc o h o l to  remove some yellow  co lo re d  
m a te r ia l  from th e  M agnesol, A mettqrl a lc o h o l s o lu t io n  o f  th e  flavanone 
m ix tu re  was p la ced  c a r e f u l ly  on th e  column, and  when t h i s  s o lu t io n  had 
been  ad so rb ed  on th e  M agnesol, b u t b e fo re  th e  to p  of th e  column had be­
come d ry , a sm all wash p o r tio n  o f  m ethyl a lc o h o l was added . When t h i s  
had  moved in to  th e  ifagneso l, b u t b e fo re  th e  s u rfa c e  o f  th e  a d so rb a n t had 
become d ry , a p lu g  o f g la s s  wool was p la ced  in  th e  column above th e  ad­
so rb a n t to  p ro te c t  th e  su rfa c e  from damage d u r in g  so lv e n t f i l l i n g .  The 
column was th e n  f i l l e d  w ith  th e  e lu t in g  s o lv e n t ,  w a te r - s a tu ra te d  e th y l  
a c e t a t e .  Movement o f th e  flav an o n e  g ly c o s id e s  on th e  column was slow , b u t 
good s e p a ra t io n  was a t t a in e d  i f  th e  column was lo n g  enough. P r e c ip i ta t e  2 
was s e le c te d  fo r  th e  f i r s t  la rg e  s c a le  s tu d ie s  em ploying t h i s  te c h n iq u e .
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S tu d ie s  on th e  FlaTaaona G lycosides o f  
P r e c ip i ta t e  2 (F lavono id -E ich  F rac­
t i o n  from F resh  Orange P e e l)
Chromatoçnmp h ic  F ra c tio n a tio n  o f  P r e c ip i ta t e  2 
A 5 ,5  X 100 cm. chrom atographic column lo s  p rep a red  by pack ing  w ith  
a s lu r r y  o f  fb g n eso l (d ry  c le a n in g  g rade) in  m ethyl a lc o h o l under 5 lb .  
a i r  p r e s s u r e .  The packed column, dep th  56 cm ., was washed tho rough ly  
w ith  p u re  m ethyl a lc o h o l .  (A ll so lv e n ts  used  in  t h i s  work were r e d i s t i l ­
le d  to  g uard  a g a in s t  th e  p o s s i b i l i t y  o f  c o n c e n tra tio n  of t r a c e  so lv e n t 
im p u r i t ie s  when f r a c t io n s  were reduced  in  volum e.) Three grams o f  
P r e c ip i t a t e  2 , th e  flavanone  g ly c o s id e  n a t e r i a l  w hich had been i s o la te d  
from f r e s h  orange p e e l ,  were h e a te d  in  m ethyl a lc o h o l f o r  30 m in ., and  a 
sm all q u a n t i ty  o f  f l u f f y  b row nish  m a te r ia l  which w ould not go in to  so­
lu t i o n  was removed by f i l t r a t i o n .  The c l e a r  yellow  f i l t r a t e  iKis reduced 
JLD to  about one l i t e r ,  co o led , and  p la ced  on th e  Magnesol column.
The m a te r ia l  was ad so rb ed  on th e  top  o f th e  column, p roducing  a  zone 
ab o u t 10 cm, in  dep th  w hich  was s l i g h t l y  ye llow  in  v i s ib l e  l i g h t  and  b r ig h t  
b lu e -g re e n  in  u l t r a v i o l e t  l i g h t .  % on a d d i t io n  o f  th e  dev e lo p in g  so lv e n t, 
w a te r - s a tu ra te d  e th y l  a c e t a t e ,  th e  c o lo r  o f  th e  ad so rbed  m a te r ia l  changed 
to  y e l lo w ^ ^ e e n  in  U.V. l i g h t .  S e p a ra tio n  o f  components became v is ib le  
a f t e r  th e  le a d in g  edge o f  th e  m a te r ia l  M d moved ab o u t M lf-w ay  down the 
column.
In  F igure  4A, th e  zones w hich ap p ea red  d u rin g  e lu t io n  o f  t h i s  column 
a re  shown, w ith  th e  d e s ig n a tio n  g iven  to  them . Two o r  th re e  b lu e  f lu o re s c ­
in g  « o nes , which were v e ry  c lo se  to g e th e r  and h ard  to  d is t in g u is h  from one 
a n o th e r ,  were th e  f i r s t  v i s ib l e  su b stan ces  t o  move o f f  th e  column. The 
chrom atograph ic  b eh av io u r and c o lo r  r e a c t io n s  o f  th e s e  su b s ta n c e s , which
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were p re s e n t in  very  low q u a n t i ty ,  in d ic a te d  th a t  th e y  were no t f la v o n o id s , 
so th ey  were n o t s tu d ie d  f u r th e r .  A narrow  zone, c o lo r l e s s  in  v i s ib l e  and 
y e llo w -g reen  in  U.V. l i g h t ,  moved o f f  th e  column n ex t and  was d es ig n a ted  
f r a c t io n  P p t, 2D-4, The q n a n t i ty  o f  t h i s  f r a c t io n  was a l s o  v e ry  low . The 
nex t zone moving down th e  column was a  w ide, b r ig h t  y e llo w -g re e n  f lu o re s c ­
in g  o ne , which was c o lo r le s s  in  v i s ib l e  l i g h t  and w hich ap p ea red  to  c o n ta in  
th e  m ajor component o f  th e  o r ig in a l  flav an o n e  g ly c o s id e  m a te r ia l .  Before 
t h i s  zone moved o f f  th e  column a n o th e r  g reen  f lu o re s c in g  zone appeared  to  
be moving out o f  i t s  le a d in g  edge . T h e re fo re , t h i s  s l i g h t l y  f a s t e r  moving 
zone p lu s  the  f i r s t  p o r t io n  o f  th e  wide zone from w hich i t  was emerging 
were c o l le c te d  a s  f r a c t io n  P p t. 2D-5.
Above th e  w ide, b r ig h t  y e llo w -g reen  f lu o r e s c in g  zone on th e  column 
th e re  ap p eared  to  be some p a le  g reen  f lu o re s c in g  m a te r ia l ,  c o lo r le s s  in  
v i s ib l e  l i g h t .  This merged w ith  a zone n e a r  th e  to p  o f  th e  column which 
was y e llo w  in  v i s ib l e  l i g h t  and  y e llo w -g re en  in  U.V. l i g h t .  Clumps o f 
c r y s t a l l i n e  m a te r ia l ,  presum ably h e s p e r id in  vdiich had p r e c i p i t a t e d  d u rin g  
e lu t io n ,  were in te r s p e r s e d  w ith in  th e s e  zones on th e  upper p o r t io n s  o f  th e  
column. As th e se  zones ap p ea red  to  be  v e ry  s tro n g ly  ad so rb ed  on the  
Ifegneso l, th e  column was ex tru d e d  a f t e r  e lu t io n  o f  a l l  th e  p rece d in g  zones 
was com plete , and th e  ifagnesol on w hich th e  upper y e llo w -g re en  f lu o re s c ­
in g  zone, d e s ig n a te d  f r a c t io n  P p t. 2D-8, was a d so rb ed , im s c u t ou t and 
saved f o r  f u r th e r  s tu d y .
F u rth e r  F ra c t io n a t io n  o f  F ra c tio n  P p t. 2D-5
Of th e  f r a c t io n s  o b ta in e d  from P r e c ip i ta t e  2 , f r a c t io n  P p t. 2D-5 
ap p ea red  most l i k e l y  to  c o n ta in  a flavanone  g ly c o s id e  (o r g ly c o s id e s )
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o th e r  th a n  h e s p e r id in  in  s u f f i c i e n t  q u a n t i ty  fo r i d e n t i f i c a t i o n  s tu d y .
T h is  f r a c t io n  n a s ,  th e r e f o r e ,  s u b je c te d  to  f u r th e r  in v e s t ig a t io n .
On e v a p o ra tio n  o f  th e  w a te r - s a tu r a te d  e th y l a c e ta te  s o lv e n t ,  a con­
s id e r a b le  q u a n t i ty  o f  id i i te  c r y s t a l l i n e  m a te r ia l  formed in  f r a c t io n  P p t. 
2I>-5, and t h i s  p r e c i p i t a t e  was d is s o lv e d  in  warm m ethyl a lc o h o l .  T his 
m ethyl a lc o h o l s o lu t io n  was th e n  chrom atographed th ro u g h  a Ifegnesol column 
5 X 110 cm ., packed to  a d e p th  o f 50 cm. Two b lue  f lu o re s c e n t  zones w hich 
ap p ea red  t o  be i d e n t i c a l  w ith  th e  b lu e  f lu o re s c e n t  zones o b ta in e d  in  th e  
o r ig i n a l  column chrom atography o f  P r e c ip i ta t e  2 were th e  f i r s t  to  move 
o f f  th e  column. A v ery  la rro w  g reen  f lu o re s c in g  zone, w hich p ap er chroma­
togram s re v e a le d  to  be id e n t i c a l  w ith  th e  o r ig in a l  f r a c t io n  P p t. 2D-4 was 
e lu te d  n e x t .  Subsequent in v e s t ig a t io n s  o f  f r a c t io n  P p t.  2D-4 re v e a le d  
t h a t  t h i s  f r a c t io n  c o u ld  be s e p a ra te d  in to  two components on f u r th e r  pas­
sage th ro u g h  s m a lle r  Ib g n e so l colum ns. The two com ponents were p re s e n t  
in  v e ry  smal l  q u a n t i ty ,  and com plete  s e p a ra tio n  o f  one from th e  o th e r  im s 
e x trem ely  d i f f i c u l t ,  even on re p e a te d  passage  th rough  ifegneso l colum ns. 
T h e re fo re , s u f f i c i e n t  q i » n t i t i e s  o f  th e s e  components in  pure  enough form 
f o r  i d e n t i f i c a t i o n  s tu d ie s  w ore n o t o b ta in e d . v a lu e s  f o r  th e s e  f r a c t io n s  
in  BAW so lv e n t on Whatman No. 1 p ap er were about 0 .75  and  0 .6 5 , compared 
to  a  v a lu e  o f 0 .45  f o r  h e s p e r id in .  T h is  gave credence to  th e  p o s s i b i l i t y  
:h a t th e s e  s u b s ta n c e s  might have been  flavanone m onog lycosides.
Fo llow ing  th e  f i r s t  b lu e  and  g reen  f lu o re s c in g  zones on th e  colmnn 
was a  w ide yellowy-green f lu o re s c in g  zone, c o lo r le s s  in  v i s i b l e  l i g h t ,  
w hich slo w ly  moved down th e  colum n. When t h i s  zone had moved ab o u t one- 
h a l f  way down th e  column i t  s e p a ra te d  in to  th re e  y e llo w -g re en  f lu o re s c in g  
zo nes , d e s ig n a te d  a c c o rd in g  t o  th e  o rd e r  in  w hich th ey  moved o f f  th e
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column a s  f r a c t io n s  I ^ t ,  2IV55,56 and 57 (F ig u re  4B)« Paper chroma­
to g rap h y  o f  th e se  f r a c t io n s  in d ic a te d  th a t  com plete s e ^ s r a t io n  had not 
3re t been o b ta in e d , b u t  a c o n c e n tra tio n  o f  one compound in  each f r a c t io n  
ia d  been  a c h ie v e d . By re p e a te d  passage  th ro u g h  a p p ro p r ia te  s iz e s  o f  
Ib g n e so l columns f u r th e r  p u r i f i c a t i o n  o f th e se  f r a c t io n s  was a c h ie v e d , 
and e v e n tu a l ly  c h ro m a to g rap h ica lly  p u re  compounds were o b ta in e d , a s  de­
s c r ib e d  below .
P u r i f ic a t io n  and T e n ta tiv e  I d e n t i f i c a t io n  
o f  F ra c tio n  P p t, 2D-55
F ra c tio n  P p t. 2I>-55 was reduced  to  d ry n ess  in  vacuo , and th e  re s id u e  
was d is s o lv e d  in  m ethyl a lc o h o l .  T h is  s o lu t io n  was chrom atographed on a 
M agnesol column 4 .5  cm. in  d ia m e te r  which was packed to  a dep th  o f  37 cm. 
Two g reen  f lu o r e s c in g  zones, which p ap er chrom atography re v e a le d  to  be 
t r a c e s  o f  f r a c t io n s  P p t. 2D-56 and  57, t r a i l e d  th e  m ajor g reen  f lu o re s c in g  
zone o f f  th e  column. This m ajo r zone was su b je c te d  to  s im i la r  rechrom a­
to g ra p h in g  p ro ced u re s  th re e  more t im e s , e s^ lo y in g  M agnesol columns 4 .5  x 
24 cm ., 3 .5  x 55 cm ., and 3 .5  x 55 cm. Each re  chrom atograph ing  f u r th e r  
p u r i f i e d  th e  m ajor f r a c t i o n ,  u n t i l  on th e  l a s t  column no f u r th e r  s e p a ra t io n  
o f  im p u r i t ie s  co u ld  be d e te c te d .  P aper chromatograms in d ic a te d  a  h ig h  
d eg ree  o f  p ju rity  o f  the . r e s u l t i n g  f r a c t io n  P p t. 2D-55.
re d u c tio n  o f  th e  e th y l  a c e ta t e  s o lu t io n  o f p u r i f i e d  f r a c t io n  
P p t. 2D-55, a îd i i te  f lo c c u le n t  m a te r ia l  p r e c ip i ta te d .  This was r e c r y s t a l ­
l i z e d  from 95% e th y l  a lc o h o l a s  w h ite  c r y s t a l l i n e  a g g re g a te s  t h a t  ap p ea red  
to  be  made up o f  m inu te  n eed les  w hich m e lted  a t  207-208° on a F is c h e r  m e lt­
in g  p o in t  b lo c k . These c r y s t a l s  were c o n s id e ra b ly  more s o lu b le  th an  hes­
p e r id in  c r y s t a l s .  The u l t r a v i o l e t  a b s o rp tio n  spectrum  o f t h i s  compound
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i n  95% e th y l  a lc o h o l was ty p ic a l  o f  th e  s p e c tra  g iven  by flavanone g lyco­
s id e s ,  w ith  nexine a t  283 and 331 an d  minima a t  247 and 315 , lo g
€  = 4.31 a t  283 • T h is spectrum  se rv e d  d e f i n i t e l y  to  confirm  th a t
P p t .  2IV-55 was a  flavanone  g ly c o s id e , b u t co u ld  g iv e  no f u r th e r  a i d  in  
e s ta b l i s h in g  th e  id e n t i t y  o f  th e  m olecule s in c e  a l l  flav an o n e  g lyco­
s id e s  and  a l l  flavanone  ag ly co n es g iv e  e s s e n t i a l l y  th e  same U. V. sp e c tra  
(F ig u re  5 ) .
The R j v a lu es  o f  f r a c t io n  P p t. 2D-55 in  BAW (0 ,5 9 ) ,  in  15% a c e t i c  
a c i d  (0 ,7 9 ) , and in  d i s t i l l e d  w a te r  (0 ,5 1 ) ,  u s in g  Whatman No. 1 pap er 
and  descending  chrom atography, d i f f e r e d  s l i g h t l y ,  bu t s i g n i f i c a n t l y ,  
from  th o se  o f  re fe re n c e  sam ples o f n a r in g in  (0 .5 3 , 0 .8 0 , 0 .64 ) and  hes­
p e r id in  (0 ,4 7 , 0 ,7 5 , 0 ,5 1 , Table 1 ) ,  (The re fe re n c e  h e s p e r id in  sample 
was S u n k is t Sample So, A6209, which p re v io u s ly  had been  shown not to  be 
c h ro m a to g rap h ica lly  p u re , b u t w hich was th e  b e s t  h e s p e r id in  saaç>le a v a i l ­
a b l e ,  The u n a v a i la b i l i ty  o f  pure re fe re n c e  sam ples was a problem  which 
p lag u ed  much o f  t h i s  w o rk .)
F ive m illig ram s o f  p u r i f i e d  P p t. 2I>-55 were h yd ro lyzed  by re  f lu x ­
in g  w ith  20 m l. o f  3% h y d ro c h lo r ic  a c id  fo r  4 h o u rs . The ag lycone  p ro­
duced  was o b ta in e d  from th e  aqueous h y d ro ly s is  m ix tu re  by e x t r a c t in g  
th r e e  tim es w ith  e th y l  a c e t a t e .  The aqueous s o lu t io n  rem ain ing  a f t e r  th e  
ag ly co n e  had been e x t r a c te d  was d e io n iz e d  by p a s s in g  i t  th ro u g h  columns 
o f  A m b erlite  IR 45 a n io n  exchange r e s in  and  Dowex 50 X 2 c a t io n  exchange 
r e s i n .  The d e io n ized  s o lu t io n ,  c o n ta in in g  th e  su g a rs  from P p t. 2D-55, was 
reduced  in  vacuo to  abo u t 5 m l. This c o n c e n tra te  was chrozuatographed a -  
g a in s t  c^ u co ss, g a la c to s e ,  and rhamnose s ta n d a rd s  in  th e  BA.PBW so lv e n t 
system . When th e  developed  chromatogram was a i r  d r ie d  fo r  2 h r . , sp rayed
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TABLE 1
Rf VALUES OF REFERENCE FLAVANONE GLYCOSIDES AND 
GLYCOSIDES ISOLATED FROM ORANGES
G lv co s id e D i s t i l l e d  W ater 15‘1 A c e tic  A cid
n -B u ty l A lco h o l: A c e tic  
A cid : W ater (6 :1 :2 )
N arin g in 0 .64 0 .80 0.53
H e sp e r id in  (A6209) 0 .51 0 .75 0 .47
P p t. 2D-55 0 .51 0 .79 0 .59
P p t. 2D-56 0 .63 0 .80 0.52
P p t. 2D-57 0 .50 0.75 0 .45
to
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w ith  o—im incb ipheny l sp ray  reag en t (44)  ^ a i r  d ryed  fo r  5 mine more, and 
h e a te d  in  an oven a t  110°Co fo r  5 m in ., th e  sugar s o lu t io n  from Ppt. 2D- 
55 was found to  g ive  sp o ts  co rresp o n d in g  to  rhamnose and g lu co se .
The e th y l  a c e ta te  e x t r a c t  o f  th e  h y d ro ly s is  m ix tu re  was chroma­
to g rap h ed  a g a in s t  h esp e re tin ^  n arin g en in ^  e r io d ic ty o l , ,  hom oeriod ictyo l 
(4"'„5,7 tr ih y d ro x y -3 ‘■'“B iethoxyflavanone) and  iso sak n iran e tin  re fe re n c e  
s tan c fa rd s. The S f va lu es  fo r  th e  ag lycone from P p t. 2D-55 in  BA.W 
(0 ,9 4 ) ,  in  60% a c e t i c  a c id  (0 .8 3 ) , and  NEW (0 ,97) ag ree d  most c lo se ly  w ith  
th o se  f o r  th e  re fe re n c e  iso sa k u x a n e tin , k in d ly  su p p lie d  by Dr. îfesegawa 
o f  J a p a n , Hence P p t. 2D-55 was t e n t a t i v e l y  i d e n t i f i e d  a s  a rham nogluco- 
s id e  o f  iso sa k u x a n e tin . However, th e  v ery  s im i la r  f lu o re sc e n c e  and Rf 
v a lu e s  o f  th e  flavanone ag lycones (T ab le  2) made unequivocal id e n t i ­
f i c a t i o n  o f  th e se  compounds by paper chrom atography v ery  d i f f i c u l t .  There­
f o r e ,  Rf v a lu es  a lo n e  were no t co n s id e re d  adequa te  ev idence to  e s ta b l i s h  
w ith  c e r t a in ty  th e  i d e n t i t y  o f th e  ag lycone  o f  f r a c t io n  P p t, 2D-55, The 
sm all q u a n t i ty  o f sample a v a i la b le  p re c lu d e d  co n firm a tio n  o f  id e n t i f i c a t i o n  
by c l a s s i c a l  methods such as d e te rm in a tio n  o f  m e ltin g  p o in t and  making of 
d e r iv a t iv e s .  I t  was n ece ssa ry , th e r e f o r e ,  to  develop  a method fo r  p o s i­
t i v e ly  id e n t i f y in g  very  s n a i l  q u a n t i t i e s  o f  flavanone  ag ly co n es .
Development o f  a  Method f o r  P o s i t iv e  I d e n t i f ic a t io n  
o f Very Small Q u a n ti t ie s  o f  Flavanone Aglycones
A method f o r  p o s i t iv e ly  id e n t i f y in g  very  sm all q u a n t i t i e s  o f f la v a ­
none ag lycones was developed by a d a p tin g  to  sem i-m icro sc a le  th e  c l a s s i c a l  
aqueous po tassium  hydroxide d e g ra d a tio n  o f  flav a n o n es . The p ro d u c ts  o f  
such a d e g ra d a tio n  were p h lo ro g lu c in o l and a s u b s t i tu te d  cinnam ic a c id ;  
fo r  in s ta n c e ,  h e s p e r id in  y ie ld e d  p h lo ro g lu c in o l and i s o f e r u l i c  a c id ,  w hile
TABLE 2
R f VALUES OF REFERENCE FLAVANONE AGLYCONES AND 
AGLYCONES OF GLYCOSIDES FROM ORANGES
N itro rae th an e ; Benzene n -B u ty l A lco h o l: A c e tic
Aalvcone W ater (2 :3 :5 ) Acid: Water (6:1:2) 60% Acetic Acid
I s o s a k u ra n e t in 0 .97 0 .94 0.83
H e s p e re tin 0 .92 0 .92 0 .79
N arin g en in 0 .82 0 .93 0 .77
E r io d ic ty o l 0 .36 0 .89 0 .69
H om o erio d ic ty o l 0 .93 0 .92 0,80
P p t.  2D-55 0 .97 0 .94 0.83
P p t.  2D-56 0 .82 0 .93 0.76
P p t.  2D-57 0 .92 0 .92 0 .78
en
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i s o s a tu r a n e t in  y e i ld e d  p h lo ro g lu c in o l and  p-m ethoxycinnam ic a c id  (Ficpare 
6 ) .  Paper ch rom atog raph ic  s tu d ie s  showed th a t  such d e g ra d a tio n  p ro d u c ts  
c o u ld  be d i f f e r e n t i a t e d  and p o s i t iv e ly  i d e n t i f i e d  on th e  b a s is  o f t h e i r  
Rf v a lu es  in  d i f f e r e n t  so lven t system s, o f  t h e i r  f lu o re sc e n c e  under u l t r a ­
v io l e t  l i g h t  in  a i r  and when exposed to  ammonia v ap o r, and o f  t h e i r  c o lo r  
r e a c t io n s  w ith  chrom ogenic spray  re a g e n ts  (T ab les 3 and 4 ) .  H ence, i f  a 
s n a i l  q u a n t i ty  o f  a flavanone ag ly co n e  was p ro p e r ly  d eg raded , th e  d eg ra -  
c i i t io n  p ro d u c ts  co u ld  be p o s i t iv e ly  i d e n t i f i e d  by p ap er chrom atography, 
and  th e  i d e n t i t y  o f  th e  o r ig in a l  m o lecu le  cou ld  th u s  be e s ta b l i s h e d  w ith  
c e r t a in t y .
I t  was found t h a t  degracfetion o f  f la v a n o n e s  was s a t i s f a c t o r i l y  a c ­
com plished  by m ix ing  th e  aglycone w ith  a  sm all q u a n t i ty  o f  30% aqueous 
p o tass iu m  hydrox ide (u su a lly  ab o u t 2-3 m l. o f  a l k a l i  p e r  m illig ra m  o f 
ag ly co n e) and  r e f lu x in g  f o r  2 .5  h r .  The d e g ra d a tio n  m ix tu re  was th e n  
made a c id ic  (pH ab o u t 4) w ith  d i l u t e  s u l f u r i c  a c id ,  and  e x t r a c te d  3 tim es 
w ith  e th y l  e t h e r .  The e th e r  e x t r a c t  was washed tw ice  w ith  sm a ll q u a n ti­
t i e s  o f w a te r ,  reduced  in  volume and chrom atographed in  com parison w ith  
s ta n d a rd  s u b s t i tu t e d  cinnamic a c id s  and  p h lo ro g lu c in o l .
Most o f  th e  s u b s t i tu te d  cinnam ic a c id s  re q u ire d  fo r  re fe re n c e  s tan d ­
a rd s  in  th e se  s tu d ie s  were a v a i la b le  in  r e l a t i v e l y  pure form com m ercially . 
However, i t  was n e c e ssa ry  to  s y n th e s iz e  th e  o - ,  m- and  p)-methoxycinnamic 
a c id s  re q u ire d  f o r  com parison w ith  d e g ra c k tio n  p ro d u c ts . T h is  was ac ­
com plished  by condensing  the  a p p ro p r ia te  a ldehydes w ith  m alon ic  a c id  ac ­
c o rd in g  to  th e  method o f V orsatz  (4 5 ), The o— and m-m ethoxycinnamic a c id s  
were o f  i n t e r e s t  because  o f th e  p o s s i b i l i t y  th a t  f r a c t io n  P p t. 2D-55 m ight 
have been a g ly c o s id e  o f the  ag lycone c i t r o n e t i n .  C i t r o n e t in ,  which had
FIGURE 6
DEGRADATION OF ISOSAKURANETIN AND HESPERETiK
OCH.HO-i




















H e s p e re tin P h lo ro g lu c in o l  I s o f e r u l i c  A cid
TABLE 3
Rf VALUES OF REFERENCE AROMATIC 
ACIDS AND PHLOROGLUCINOL
Compound 1 2
S o lv e n t System*
3
o -C o u n eric  A cid 0 .88 0 .47 0 .34
p-C oum ario A cid 0 .86 0 .44 0 .26
Feru3.ic A cid 0 .81 0.31 0 .25
I s o f e r u l i c  A cid 0.83 0 .40 0 .29
P h lo ro g lu c in o l 0 .70 0 .79 —
o-K ethoxycinnaraic  A cid —— 0.61 0 .38
ra-M ethoxycinnam ic A cid —— 0.59 0.34
p-M ethoxycinnam io A cid ----- 0 .54 0 .27
A n is ic  A cid — 0.46 0 .24
3 ,4  D im ethoxycinnam ic A cid — 0.44 0 .28






♦ S o lv en t System : 1 , n -B u ty l A lc o h o l: A c e tic  A cid : W ater ( 6 :1 : 2 ) ,  d e scen d in g  ch rom atography .
2 . n -B u ty l A lco h o l: E th y l A lc o h o l: Ammonia-Ammoniim C arb o n a te  B u ffe r  (4 0 :1 1 :1 9 ) ,
a s c e n d in g  o h ro n a to g ra p h y .
3 . n—B u ty l A lc o h o l: Nitro m e th a n e : Ammonia-rAmmonium C arb o n a te  B u ffe r  (2 p a r t s
b u f f e r - e a t u r a t e d  a lc o h o l ,  1 p a r t  n itrom ethane), a s c e n d in g  ch rom atography ,




FLUORESCENCE AND COLOR REACTIONS OF REFERENCE
AROMATIC ACIDS AND PHLOROGLUCINOL
F lu o re sc e n c e C o lo r R e a c tio n s
Compound
U l t r a v io le t  
L ig h t , .
U l t r a v i o l e t
L ig h t in
NHA _F_umes . _____
D ia z o tiz e d  
S u l f a n i l i c  
A cid  (49)
D ia z o tiz e d  
p - N it r o -  
_  a n i l i n e  (50)
0"C oum aric A cid b lu e  w h ite y e llo w  g re e n o ra nge wi ne
p-C oum aric A cid n e g a tiv e b r ig h t  b lu e re d  p ink g ra y  p u ip le
F e r u l ic  A cid b lu e sky b lu e p u rp le g ray  p u rp le
I s o f e r u l i c  A cid b lu e ta n  o r  cream orange p in k d ark  p u rp le
P h lo ro g lu c in o l n e g a tiv e b lu e y e llo w  brown brown
o-M eth o x y c innamic A cid blv<> fa d e s —— - ■
m"M ethoxycinnamic A cid b l .ve fa d e s ----- —-
p-M ethoxycinnam ic A cid doep p u rp le  
( f a i n t )
fa d e s ----- — ’
A n is ic  A cid n e g a tiv e nega t i v e ----- -----
3 ,4  D imethoxycinnam ic A cid b lu e fa d e s ----- -----




been  r e p o r te d  a s  a  c o n s t i tu e n t  o f  th e  Ponderosa  lemon, w s  f i r s t  r e f e r r e d  
to  a s  5 ,7 —dihydroxy—2'-^uethoxyflavanone (4 6 ), b u t was l a t e r  d e s c r ib e d  by 
o th e r  a u th o rs  (47) a s  b e in g  5,7—dihydroxy—3 '-m e th o ry fla v a n 6 n e .
An n -b u ty l a lc o h o l;  e th y l a lc o h o l:  ananonia-ammonium ca rb o n a te  b u f fe r  
(40 :1 1 :1 9  v / t / v , b u f f e r  1 .5  N w ith  re s p e c t  to  b o th  ammonia and  ammonium 
c a rb o n a te )  s o lv e n t system  (hence-forth c a l l e d  BEAAC) (48) and  a modi­
f i c a t i o n  o f  t h i s  system  prepared  by m ixing  one p a r t  n itro m eth an e  w ith  two 
p a r t s  o f  n -b u ty l  a lc o h o l s a tu ra te d  w ith  ammoni-ammonium ca rb o n a te  b u f f e r  
( c a l le d  BNAAC) were found to  be v e ry  u s e fu l  s o lv e n t system s f o r  i d e n t i ­
f i c a t i o n  o f  th e  cinnam ic a c id s  produced  by d e g ra d a tio n . These system s 
gave sm a ll, c o n c e n tra te d  sp o ts  w ith  no t a i l i n g ,  and  th e r e f o r e  p e rm itte d  
e a s i e r  lo c a t io n  o f  weak f lu o re s c in g  sp o ts  and  gave more c l e a r ly  d e f in e d  
s p o ts  w ith  in d ic a to r  sp ray  re a g e n ts , p a r t i c u l a r l y  fo r  v e ry  low con­
c e n t r a t io n s  o f  a c id s ,  Rf values in  th e s e  s o lv e n t sy stem s, p lu s  f lu o ­
re s c e n c e , p e rm itte d  d i f f e r e n t i a t i o n  betw een o - ,  m-, and  p -m ethoxycin- 
rem ic  a c id s .  A ch lo ro fo rm : a c e t ic  a c id :  w a te r  (2 :1 :1 , low er la y e r )  sy s­
tem , c a l l e d  CAW, was a l s o  used f o r  chrom atography o f  th e  hydroxy s u b s t i ­
tu t e d  cinnam ic a c id s .  These th re e  so lv e n t system s gave b e s t  r e s u l t s  u s in g  
a sc e n d in g  chrom atography and Whatnen No, 1 p a p e r , BAW, employed w ith  
d escen d in g  te c h n iq u e , was found t o  be a good s o lv e n t f o r  chrom atography 
o f  p h lo ro g lu c in o l and  a  f a i r  so lv en t fo r  th e  hydroxycinnam ic a c id s ,
D ia z o tiz e d  s u l f a n i l i c  ac id  (49) and  d ia z o t iz e d  p - n i t r o a n i l i n e  (50) 
sp ra y  re a g e n ts  were employed w ith  chromatograms o f th e  cinnam ic a c id s  con­
ta in in g  f r e e  hydroxyl g roups, and  p h lo ro g lu c in o l ,  n o t on ly  to  a s s i s t  in  
l o c a t in g  th e  su b s ta n c e s  on th e  chrom atogram , b u t a lso  to  produce c o lo rs  
idxich were o f te n  c h a r a c te r i s t i c  and  u s e fu l  in  i d e n t i f i c a t i o n .  For chroam -
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togram s o f th e  cinnam ic a c id s  p o s se s s in g  only  methoxy s u b s t i tu e n ts ,  and 
w hichj th e re fo re ^  would n o t coTQsle w ith  th e  d ia z o t iz e d  reag e n ts  used , 
b u f fe re d  m ethyl re d  (0.1% a lc o h o lic  m ethyl re d  -  0,167 M phospate b u f f e r ,  
1 :2 ) and  0,4% 2 ^ 6 -^ ch lo ro p h e n o lin d o p h e n o l in  95% e th y l  a lc o h o l were 
found u s e fu l a s  sp ray  re a g e n ts  fo r  lo c a t in g  th e  a c id  s p o ts  p a r t i c u la r ly  
tho se  o f  low f lu o re s c e n c e , on th e  chrom atogram s. W ith th e  form er sp ray , 
a c id s  appeared  a s  p in k  s p o ts  on a y e llo w  background, w h ile  w ith  th e  l a t t e r  
they  ap p ea red  a s  re d  s p o ts  on a b lu e  l^ ck g ro u n d . The s e n s i t i v i t y  o f  th e se  
two sp ray s  appea red  to  be about e q u a l.
The p rocedu res  d e sc r ib e d  above w ere s u c c e s s fu l ly  employed f o r  d e -  
g racfe tion  o f  one m illig ra m  samples o f  th e  flavanone  aglycones h e s p e re t in ,  
h o m o e rio d ic ty o l, is o s a k u ra n e t in ,  and  n a r in g e n in  and  fo r  id e n t i f i c a t i o n  o f  
t h e i r  degracfa tion  p ro d u c ts . S a t i s f a c to r y  r e s u l t s  were no t o b ta in e d  w ith  
e r io d i c ty o l ,  p robab ly  because th e  o a f f e ic  a c id  w hich should  have been  p ro­
duced on d e g ra d a tio n  o f  t h i s  compound was d e s tro y e d  by th e  a lk a l in e  deg ra ­
d a tio n  c o n d it io n s .
I d e n t i f i c a t io n  o f  F ra c tio n  P p t, 2D-55 
(Iso saku ranetin -7 -R ham nog lucoside)
By em ploying th e  method fo r  p o s i t i v e ly  id e n t i f y in g  very sm all 
q u a n t i t i e s  o f f lav an o n e  ag lycones d e sc r ib e d  above, th e  i d e n t i t y  o f  th e  
ag lycone o f  P p t, 2D-55 -« s  d e f in i t e l y  e s ta b l is h e d .  The ag lycone ob­
ta in e d  by h y d ro ly s is  o f  5 mg, o f  f r a c t io n  P p t, 2D-55 and ev ap o ra tio n  o f  
th e  s o lv e n t from th e  e th y l  a c e ta te  e x t r a c t  o f th e  h y d ro ly s is  m ix tu re  
was degraded  by r e f lu x in g  fo r  2 ,5  h r ,  w ith  8 m l, o f  30% aqueous p o ta s ­
sium h y d ro x id e . The e th e r  e x t r a c t  o f  th e  d e g ra d a tio n  m ixture -ves 
chrom atographed w ith  o - ,  m-, and p-m ethoxycinnam ic a c id s ,  w ith  3 ,4 -
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d iæ thoxycixm am ic , a n i s i c ,  and 3 ,4-dim ethoxybenzoic a c id s ,  and w ith  
ph lo rog lT icino l in  th e  BEAAC and BNAAC s o lv e n t system s, and w ith  
p h lo ro g lu c in o l o n ly  in  BAW, ftip e rs  w ere examined under u l t r a v io l e t  
l i g h t  and under u l t r a v i o l e t  l i g h t  ir iiile  exposed to  ammonia. F in a lly  
th e  p a p e rs  were sp rayed  w ith  b u ffe re d  m ethyl red  and 2 ,6 -d ie h lo ro p h e n o l-  
indopheno l re a g e n ts  to  lo o a te  d e f in i t e l y  th e  sp o ts  produced by a c id s  
w ith  low in t e n s i ty  o r  no f lu o re s c e n c e . Spots co rrespond ing  to  p h lo ro -  
g lu o in o l and p ^ e th o x y c in n am ic  a c id  in  Hf v a lu es  and f lu o re sc e n c e  were 
found in  th e  d e g ra d a tio n  e x t r a c t ,  th u s  con firm ing  th a t  th e  ag lycone o f  
f r a c t io n  P p t. 21^55 was is o s a k u ra n e t in .
The m olecule o f  f r a c t io n  P p t. 2I>*55 c o n s is te d , th e r e f o r e ,  of th e  
ag lycone  iso s a k u ra n e tin  p lu s  rhamnose and  g lu c o se . The s im i la r i ty  o f  
t h i s  compound to  h e s p e r id in  and  n a r in g in  in  Rf va lues and f lu o re sce n ce  
in d ic a te d  t t e t  i t  vs.a p ro b ab ly  a rham noglucoside. The m ajor peak o f  
th e  u l t r a v i o l e t  a b s o rp tio n  spectrum  o f  P p t.  2D-55 was s h i f t e d  from 283 m^ 
in  95% e th y l  a lc o h o l t o  306 m^ in  0 ,04  M a lc o h o lic  aluminum c h lo r id e , 
in d ic a t in g  th a t  th e  5-OH group o f th e  is o s a k u ra n e tin  m olecu le  was open 
and a v a i la b le  f o r  c h e la t io n .  S ince th e  4 ' - p o s it io n  c o n ta in ed  a methoxy 
g ro u p , th e  su g ar was undoub ted ly  a t ta c h e d  to  th e  7 -p o s it io n .
As a f i n a l  check o f  s t r u c tu r e  th e  p roduct o b ta in ed  by com plete 
m é th y la tio n  o f  f r a c t io n  P p t. 2D-55 was compared w ith  th a t  o b ta in ed  from 
a u th e n t ic  n a r in g in .  Iso sak u ran e tin -7 -rh am n o g lu co sld e  and  th e  w e ll known 
compound n a r in g in  would be ex p ec ted  to  g iv e  th e  same p ro d u c ts  on com­
p le te  m é th y la tio n . F ive m illig ra m s  each  o f  f r a c t io n  P p t. 2I>-55 and 
n a r in g in  were com ple te ly  m e th y la ted  by r e f lu x in g  f o r  5 h r .  w ith  15 m l, 
o f  anhydrous a c e to n e , 1 m l. o f  d im ethyl s u lf a  t e ,  and 3 g .  o f  anhydrous
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po tassium  c a rb o n a te . Upon f i l t r a t i o n  and red u c tio n  o f  the  ace to n e  
f i l t r a t e  by b o i l in g ,  w hite  c r y s t a l l i n e  m a te r ia l ,  M.P. 203-205° (b lo c k ), 
p r e c ip i t a t e d  ou t in  each e s s e .  When th e  c r y s ta l s  produced by com plete 
m é th y la tio n  o f  th e  two s t a r t i n g  m a te r ia ls  were m ixed, no d e p re s s io n  in  
th e  m e ltin g  p o in t was observed , in d ic a t in g  t i a t  th ey  were id e n t i c a l .
P u r i f ic a t io n  and  I d e n t i f i c a t i o n  o f 
F ra c tio n  P p t.  2D-56 (N aringin)
F ra c tio n  P p t. 2D-56 ves p u r i f i e d ,  em ploying e s s e n t i a l ly  th e  same 
p rocedu re  a s  d e sc r ib e d  f o r  f r a c t io n  P p t.  2D-55 above, by rech ro n a to g rap h - 
in g  i t  s u c c e s s iv e ly  on two îfagneso l columns w ith  dim ensions o f  3 .8  x 40 
cm. and  4 ,5  x 45 cm. T races o f  f r a c t io n s  P p t. 2D-55 and  57 were removed 
on b o th  colxm ns, b u t paper chrom atograpf in d ic a te d  th e  n e jo r  f r a c t io n  
from th e  second column was p u re . When t h i s  f r a c t io n  was reduced  to  d ry ­
n ess  in  vacuo . a w h ite  s o l id  w ith  a  s l i g h t  t in g e  o f  yellow  c o lo r  was de­
p o s i te d .  T h is  was e a s i l y  so lu b le  in  e th y l  a c e ta t e ,  e th y l  a lc o h o l ,  and 
m ethyl a lc o h o l .  The u l t r a v io l e t  a b s o rp tio n  spectrum  o f th i s  compound 
was ty p ic a l  o f  th a t  fo r  flavanone  g ly c o s id e s ,  w ith  maxima a t  283 and 330 
mM and minima a t  245 and 316 mw, , lo g C -  4.37 a t  283 mju^  . Rf v a lu es  
f o r  p u r i f i e d  f r a c t io n  P p t. 2D-56 in  BAW (0 .5 2 ) , 15% a c e t i c  a c id  (0 ,8 0 ) ,  
and  in  d i s t i l l e d  w a te r (0 .63) checked w ith  th o se  fo r  a u th e n t ic  n a r in g in . 
P P t, 2D-56, l i k e  a u th e n t ic  n a r in g in ,  was found to  have a b i t t e r  t a s t e .
Five m illig ra m s  o f  f r a c t io n  P p t. 2D-56 were hydro lyzed  by r e -  
f lu x in g  i t  f o r  3 h i', w ith  20 m l, o f  3% h y d ro ch lo ric  a c id ,  and th e  a g ly ­
cone and  su g a r f r a c t io n s  were s e p a ra te d  by e th y l a c e ta te  e x t r a c t io n  a s  
a l re a d y  d e s c r ib e d  f o r  f r a c t io n  P p t.  2D-55. The aglycone was chroma­
to g rap h ed  w ith  re fe re n c e  ag ly co n es  in  BAW, in  60% a c e t i c  a c id ,  and in
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NBtf s o lv e n t sy stem s, and  the  R f v a lu es  o b ta in e d  (0 .9 3 , 0 .7 6 , and 0,82 re ­
s p e c t iv e ly )  checked w ith  those fo r  a u th e n t ic  n a r in g e n in  in  ax î s o lv e n ts .
The ag ly co n e  o f  f ra c t io n  P p t, 2D-56 was degraded  by re f lu x in g  i t  w ith  
30% po tassium  hydroxide fo r  2 ,5  h r s ,  and  th e  d e g ra d a tio n  p ro d u c ts  were 
ch ro n e to g rap h ed  w ith  o-coum aric, p -co u m aric , f e r u l i c ,  and i s o f e r u l i c  a c id s  
and  p h lo ro g lu c in o l in  th e  BAW, BEAAC, BNAAC, and  CAW so lv e n t system s, 
l e p e r s  were examined under u l t r a v io l e t  l i g h t  in  a i r  and in  ammonia fum es. 
The chrom atogram s were sprayed  w ith  d ia z o t iz e d  s u l f a n i l i c  a c id  and d ia ­
z o t i z e d  p - n i t r o a n i l i n e  spray r e a g e n ts .  The degraded  ag lycone  o f  f r a c t io n  
P p t,  2D-56 produced sp o ts  on th e s e  chrocatogram s w hich a g re e d  in  R f, 
f lu o re s c e n c e ,  and  c o lo rs  produced by r e a c t io n  w ith  d ia z o t iz e d  re a g e n ts  
w ith  th o se  fo r  p h lo ro g lu c in o l an d  p-coum aric a c id  (T ab les 3 and 4 ) ,  
T h e re fo re , th e  ag lycone o f  f r a c t io n  P p t. 2D-56 was confirm ed  a s  n a r in g e n in . 
The s o lu t io n  co n ta in in g  th e  su g a rs  w hich w ere hyd ro lyzed  from P p t, 
2D-56 was d e io n iz e d  by ion  exchange r e s in s  and chrom atographed a s  de­
s c r ib e d  above f o r  th e  sugars o f  f r a c t io n  P p t. 2D-55. In  t h i s  manner th e  
su g a rs  were i d e n t i f i e d  a s  rhamnose and g lu c o se .
F ive  m illig ra m s  o f  f r a c t io n  P p t. 2D-56 were com ple te ly  m e thy la ted  
by r e f lu x in g  f o r  6 h r .  w ith  15 m l. o f  anhydrous a c e to n e ,  1 m l. o f d i ­
m ethyl s u l f a t e ,  and 3 g , o f  anhydrous p o tassium  c a rb o n a te . I%)on f i l ­
t r a t i o n  and re d u c tio n  by b o il in g  o f  th e  ace to n e  f i l t r a t e ,  w h ite  c r y s ta l ­
l i n e  m a te r ia l ,  m .p. 203-205° (b lo ck ) f e l l  o u t. When t h i s  n a t e r i a l  was 
m ixed w ith  co m p le te ly  m ethy lated  a u th e n t ic  n a r in g in ,  no d e p re ss io n  o f  
m e ltin g  p o in t was o b ta in e d .
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P u r i f ic a t io n  and  I d e n t i f i c a t io n  o f 
F ra c tio n  P p t. 2D-57 (H esperid in )
White n eed le  c r y s ta l s  w hich had foim ed in  th e  o r ig in a l  f r a c t io n  
P p t. 2D-57 were d is so lv e d  in  hot m ethyl a lc o h o l and re  chroma to  graphed 
on a  3 .8  x 35 cm, Magnesol colum n. The m ajor component from t h i s  
column 1RS rechrom atographed tw ic e  more on columns o f  the same d i ­
m ensions w ith  no se p a ra tio n  o f  t r a c e  n a t e r i a l s  b e in g  d e te c te d  on the 
l a s t  column. A w hite  p r e c i p i t a t e ,  made up o f m inute needle c r y s t a l s ,  
form ed in  th e  re c e iv in g  f la s k  im m ediately  a f t e r  th e  f r a c t io n  had moved 
o f f  th e  columa. This compound m elted  a t  262-64° (block) and was found 
to  be very  in s o lu b le  in  a c e to n e , e th y l  a c e ta t e ,  and w ate r, very  s l i g h t l y  
so lu b le  in  e th y l  a lc o h o l,  and s l i g h t l y  so lu b le  in  methyl a lc o h o l .  An 
e th y l  a lc o h o l s o lu tio n  of f r a c t io n  P p t. 2D-57 gave a ty p ic a l  flavanone 
g ly c o s id e  u l t r a v io l e t  a b s o rp tio n  spectrum , w ith  ifaxina a t  284 and 331 
mM , and  minima a t  247 and 316 m u , lo g  £ = 4.36 a t  284 mu, . The 
Ejp v a lu e s  o f 0 .45  in  BAW, 0 .75  in  15% a c e t i c  a c id ,  and 0.50 in  d i s t i l l e d  
w a te r  were very  c lo se  to  th o se  o f th e  p u re s t  a v a i la b le  re fe re n c e  h e s p e r id ­
in ,  S u n k is t sample A6209. F ra c tio n  P p t. 2D-57 appeared  to  be chroma- 
to g ra p i i io a lly  p u re .
F ra c tio n  P p t. 2D-57 was somewhat d i f f i c u l t  to  hydrolyze w ith  3% 
h y d ro c h lo r ic  a c id ,  p o s s ib ly  due to  th e  g r e a t  in s o lu b i l i t y  of th e  glyco­
s id e ,  and  i t  was found th a t  h y d ro ly s is  co u ld  be accom plished most e f ­
f i c i e n t l y  by r e f lu x in g  the  g ly c o s id e  w ith  a m ix tu re  o f two p a r ts  s u l f u r i c  
a c id ,  s ix ty  f iv e  p a r ts  a c e t ic  a c id ,  and t h i r t y  e ig h t p a r ts  w a te r fo r  4 h r .  
The h y d ro ly s is  m ix tu re  was th en  e x t r a c te d  w ith  e th y l a c e ta te  to  remove th e  
ag ly co n e , and th e  aqueous f r a c t io n  was saved f o r  sugar a n a ly s is .  The a -  
g lycone s o lu t io n  was chrom atographed w ith  s tan d a rd  flavanone ag lycones in
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th e  BAW, 60% a c e t i c  a c id ,a n d  NEW so lv en t system s, and th e  Rf va lu es  (0 ,9 2 . 
0 .7 8 , and 0 .92) were found to  be very  c lo se  to  th o se  o f bo th  h e s p e re t in  
and hom oeriod ic tyo l (Table 2 ) .
The aglycone o f  f r a c t io n  P p t. 2D-57 was degraded by re f lu x in g  w ith  
30% aqueous po tassium  hydrox ide , and the  e th e r  e x t r a c t  o f th e  a c id i f i e d  
d e g rad a tio n  m ix tu re  was chrom atographed w ith  o-coum aric, p -counaric,, f e r u l ­
i c ,  and i s o f e r u l i c  a c id s  and p h lo ro g lu c in o l in  the  BAW, BEAAC, BNAAiC and 
CAW s o lv e n ts .  The chromatograms were examined under u l t r a v io l e t  l i g h t  in  
a i r  and when exposed to  ammonia fumes, and a f t e r  sp ray in g  w ith  d ia z o tiz e d  
s u l f a n i l i c  a c id  and d ia z o tiz e d  p - n i t r o a n i l in e  re a g e n ts . In  th i s  way., 
p h lo ro g lu c in o l and i s o f e r u l i c  a c id  were found to  be th e  d eg rad a tio n  p ro ­
d u c ts  o f th e  ag lycone o f  f r a c t io n  P p t. 2D-57, and the  aglycone was th e re ­
fo re  id e n t i f i e d  a s  h e s p e re t in .
The aqueous h y d ro ly s is  m ix tu re  o f  f r a c t io n  P p t. 2D-57, from which 
th e  aglycone had been e x t r a c te d ,  was d e io n ized  by ion exchange r e s in s  and 
chrom atographed w ith  s ta n d a rd s  a s  p rev io u s ly  d e sc r ib e d  fo r  f r a c t io n  Pp: ,  
2D-55. By t h i s  means th e  sugars  of Ppt. 2D-57 were id e n t i f i e d  a s  rriamnose 
and g lu c o se .
On th e  b a s is  o f  i t s  m e ltin g  p o in t ,  Rf v a lu e s , ag lycone, and s u g a rs , 
f r a c t io n  P p t. 2D-57 was id e n t i f i e d  a s  pure h e sp e r id in .
F u rth e r  Exam ination o f F ra c tio n  P p t. 2D-8
The Magnesol on which f r a c t io n  Ppt. 2D-8, th e  uppermost zone from 
th e  o r ig in a l  p r e c ip i t a t e  2 column, was adsorbed was s lu r r i e d  w itn  m ethyl 
a lc o h o l and  p la ced  on to p  o f  a very  sh o rt Magnesol column. A fte r t h i s  had 
packed, th e  column was washed thoroughly  w ith  50% m ethyl alcohol-50%  w a te r .
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w hich ap p ea red  to  remove most o f  th e  f lu o re s c e n t m a te r ia l , The yellow — 
c o lo re d  e lu a te  was reduced  a lm o st to  d ryness j j i  vacuo and d is so lv e d  in  
pure m ethyl a l c o h o l . A ifagnesol column 5 x 25 cm. i« s  p rep a red  by pack­
in g  from a  m ethyl a lc o h o l s lu r r y  under 5 Ibw p re s s u re ,  and th e  m ethyl a lc o ­
ho l s o lu t io n  o f  P p t. 2D-8 was p laced  on i t .  The column was e lu te d  
s u c c e s s iv e ly  w ith  pure  m ethyl a lc o h o l,  50% aqueous m ethyl a lc o h o l,  25% 
aqueous m ethyl a lc o h o l ,  and w a te r . The f r a c t io n  e lu te d  w ith  50% m ethyl 
a lc o h o l,  d e s ig n a te d  P p t. 2D-82, appeared  to  c o n ta in  th e  l a r g e s t  q u a n t i ty  
o f  m a te r ia l ,  and  was chosen f o r  f u r th e r  s tu d y .
R iper ch rom atograph ic  s tu d ie s  o f  P p t. 2D-82 re v e a le d  th a t  i t  con­
ta in e d  some h e s p e r id in ,  and p robab ly  t r a c e s  o f . iso sak u ran e tin -7 -rh am n o - 
g lu c o s id e  and  n a r in g in .  However, i t  a l s o  appeared  to  c o n ta in  o th e r  
su b stan ces  w hich had low er Rf va lu es  in  BAW th an  h e s p e r id in .  The Rf 
v a lu es  and f lu o re sc e n c e  o f th e  sp o ts  produced by th e se  su b stan ces  chroma­
tog rap h ed  in  BAW w ere; 0 ,3 2 , o range-yellow ; 0 .2 7 , p a le  g reen ; 0 .1 5 , g re e n ; 
0 .10  o ran g e-y e llo w : 0 .0 6 , p a le  g reen .
S ince th e  su b stan ces  w ith  Rf v a lu es  in  BAW o f  0 .32 o r  l e s s  were 
v ery  t i g h t l y  ad so rb ed  on M agnesol, f u r th e r  chrom atography on t h i s  ad­
so rb e n t ap p ea red  to  o f f e r  l i t t l e  hope fo r  s e p a ra t io n  o f  th e se  m a te r ia ls .  
T h e re fo re , à number o f p i l o t  columns were run in  an  a tte m p t to  f in d  an  
ad so rb an t w hich would be more s u i ta b le  f o r  t h i s  p u rp o se . Of th e  a d so rb -  
a n ts  t r i e d ,  o n ly  barium  ca rb o n a te  o f fe re d  any hope fo r  s u c c e ss . T h ere fo re  
a 2 .5  X 15 cm, column was p rep a red  by packing  w ith  a s lu r r y  o f  barium  
ca rb o n a te  (M a llin ck ro d t A n a ly tic a l Reagent) in  m ethyl a lc o h o l .  A very  
t i g h t ,  slow  column was o b ta in e d , due to  th e  s n a i l  p a r t i c l e  s iz e  o f  th e  
barium  c a rb o n a te . A sm all p o r t io n  o f  P p t. 2D-82 was p la c e d  on t h i s  column.
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and  th e  column was e lu te d  w ith  pu re  m ethyl a lc o h o l .  A number o f  zones ap­
peared  on th e  column, b u t th e re  was much t a i l i n g  and th e  zones w ere d i f f i ­
c u l t  to  d is t in g u is h .  E igh t f r a c t io n s  were c o l le c te d ,  somewhat a r b i t r a r i l y ,  
d u rin g  s e v e ra l  days o f e lu t io n .  P^per chromatogram s o f  th e s e  f r a c t io n s  
in d ic a te d  t h a t  a crude s e p a ra t io n  had been a t t a in e d ,  w ith  th e  f i r s t  f r a c ­
t io n s  from th e  column c o n ta in in g  th e  su b s ta n c e s  w ith  h ig h e r  Rf v a lu e s  in  
BAW, and  th e  l a t e r  f r a c t io n s  c o n ta in in g  th e  s h o r te r  runn in g  su b s ta n c e s . 
However, no f r a c t io n  c o n ta in in g  o n ly  one compound was o b ta in e d .
F u r th e r  experim en ts w ith  l a r g e r  and lo n g e r  barium  ca rb o n a te  columns 
and  la r g e r  q u a n t i t i e s  o f  f r a c t io n  P p t. 2D-82 w ere not s u c c e s s fu l ,  because 
o f the  g re a t  amount o f tim e re q u ire d  (o f te n  a month o r  more) f o r  e lu t io n  
o f m a te r ia l  from th e  columns, and because  o f  th e  tendency  o f  th e  sm all 
barium  ca rb o n a te  p a r t i c l e s  to  " le a k "  d u rin g  th e  e l u t i o n ,  th u s  r e s u l t in g  
in  ch an n e lin g  o f  th e  column, vdiich d e s tro y e d  i t s  e f f e c t iv e n e s s .  As a 
r e s u l t  o f th e s e  d i f f i c u l t i e s ,  and because  o f  tim e  l i m i t a t i o n s ,  f u r th e r  
work vas  no t done on f r a c t io n  P p t. 2D-82. Some o f  th e  su b s ta n c e s  found 
in  t h i s  f r a c t io n  may have been decompxosition p ro d u c ts  formed as  a r e s u l t  
of th e  somewhat a lk a l in e  c o n d itio n s  produced when th e  Magnesol columns 
were washed w ith  w a te r . However, i t  ap p ea rs  l i k e l y  th a t  a t  l e a s t  some 
o f th e se  su b s tan ces  m ight be unknown flav an o n e  g ly c o s id e s ,  p » s s ib ly  t r i ­
g ly c o s id e s ,  w hich rem ain to  be i s o la te d  and  id e n t i f i e d .
S tu d ie s  on Ife sp e rid in  P re p a ra tio n s  
P rov ided  by S u n k is t Growers
From th e  h e s p e r id in  sam ples and  p ro d u c ts  p ro v id ed  by th e  S u n k is t 
G row ers, I n c . ,  R esearch D epartm ent, O n ta r io , C a l i f o r n ia ,  Sample No. A6209 
( P u r i f ie d  H esp e rid in )  and P roduct No. 168 (H esp e rid in  Complex) were
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chosen f o r  f u r th e r  s tu d y . Both th e s e  p re p a ra tio n s  were produced from th e  
p ee l and p u lp  o f  oranges used  in  th e  c i t r u s  p ro cess in g  in d u s try .  As p re ­
v io u s ly  n o te d , H esp erid in  Complex was a commercial p roduct w hich would be 
expec ted  to  c o n ta in  o th e r  f la v o n o id s  in  a d d i t io n  to  h e sp e r id in . Sample 
No. A6209 was a h ig h ly  p u r i f i e d  re s e a rc h  sam ple of h e s p e r id in . I t  could  
be s a f e ly  assumed th a t  any im p a r i t ie s  found in  th is  m a te r ia l would be 
p re s e n t ,  p robab ly  in  g r e a te r  q m n t i t y ,  in  a l l  the o th e r  p re p a ra t io n s .  
H esp e rid in  Complex and A6209 were s u b je c te d  to  the p rocedu res developed  
in  th e  s tu d ie s  on th e  f la v o n o id  f r a c t io n  i s o la te d  from fre sh  orange 
pee l in  t h i s  la b o ra to ry . P r e c ip i ta t e  2.
When H esp erid in  Complex, P roduct No. 16%, was ch ro m to g rap h ed  on 
a hfegnesol column a s  p re v io u s ly  d e s c r ib e d , e s s e n t i a l ly  th e  same e lu t io n  
p a t te r n  was o b ta in ed  a s  th a t  g iven  by P r e c ip i ta t e  2 (see F igure 4A}. 
F u rth e r  chrom atographing o f  th e  f r a c t io n  from th is  p rod u c t which appeared  
to  co rresp o n d  to  f r a c t io n  P p t. 2D-5 gave f r a c t io n s  a p p a re n tly  co rrespond­
ing  to  P p t. 2D-55, 56 and 57. By em ploying th e  procedures fo r  id e n t i ­
f i c a t i o n  o f  flavanone g ly c o s id e s  p re s e n te d  p re v io u s ly , each o f  th e se  
f r a c t io n s  was i d e n t i f i e d ,  and th e  p resen ce  o f  iso sak u ran e tin -7 -rh am n o - 
g lu c o s id e , n a r in g in , and h e s p e r id in  in  th e  H esp erid in  Complex was e s ­
ta b l is h e d .
P u r i f ie d  H esp e rid in , Sample No. A6209, when chrom atographed on 
a hbgneso l column, gave th e  same g e n e ra l p a t te r n  of se p a ra tio n  a s  was 
o b ta in e d  w ith  P r e c ip i ta t e  2 and H esp erid in  Complex, except th a t  th e  b lu e  
f lu o re s c in g  su b stan ces  which moved o f f  th e  column f i r s t  when th e s e  p re ­
p a ra t io n s  were chrom atographed were a b s e n t in  th e  h ig h ly  p u r i f i e d  hes­
p e r id in .  When th e  f r a c t io n  from t h i s  p re p a ra t io n  co rrespond ing  to  P p t.
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2D-5 was chrom atographed f a r th e r ,  oiiiy two f r a c t io n s  were o b ta in e d . Ex­
am in a tio n  o f  th e se  f r a c t io n s  by p re v io u s ly  d e sc r ib e d  methods in d ic a te d  
th a t  th e y  corresponded  to  the  crude P p t. 2D-55 and 57 f r a c t io n s ,  con­
ta in in g  m o stly  iso sak u ran e tin -7 -rh am n o g lu co sid e  and  h e s p e r id in . F u rth e r  
very  c a r e fu l  ch ro natog raph ic  f r a c t io n a t io n  o f  th e s e  f r a c t io n s  f i n a l ly  
produced sm all q u a n t i t i e s  o f  a f r a c t io n  which appeared  to  be id e n t ic a l  
w ith  P p t, 2D-56, and which was e v e n tu a lly  confirm ed as  n a r in g in . Ob­
v io u s ly , n a r in g in  was p re se n t in  much s n a l l e r  q u a n t i ty  in P u r if ie d  Hes­
p e r id in  (A5209) th an  in  H esp erid in  Complex (P roduct No. 168) o r  Pre­
c i p i t a t e  2.
Co n c lu sio n
The ex p erim en ta l r e s u l t s  o b ta in e d  in  th e  s tu d ie s  d e sc r ib e d  above 
in d ic a te  t h a t  the  flavanone g ly c o s id e  co n ten t o f th e  f r u i t  o f the  sw eet 
o ran g e . C it ru s  s in e n s i s , and o f  th e  s o -c a l le d  h e s p e r id in  f r a c t io n s  p ro ­
duced from i t ,  i s  r e la t iv e ly  com plex. These in v e s t ig a t io n s  re v e a le d  th e  
p resence  o f two flavanone g ly c o s id e s , iso sak u ran e tin -7 -rh am n o g lu co s id e  and 
n a r in g in ,  id iich  le v e  never b e fo re  been re p o rte d  a s  c o n s t i tu e n ts  o f th e  
sweet o ran g e , and in d ic a te d  the  p ro b ab le  p resence  o f  se v e ra l o th e r s ,  Hes­
p e r id in  appeared  to  be the m ajor flavanone g ly c o s id e , w h ile  th e  o th e rs  
appeared  to  be p re se n t in  very  a n e l l  q u a n t i t i e s .
As n o ted  p re v io u s ly , h e s p e r id in  has lo n g  been known as th e  p r in c ip a l  
flavanone  g ly c o s id e  o f  the sweet o ran g e . The on ly  o th e r  f la v o n o id  ev e r  
re p o r te d  a s  b e ing  p re se n t in  t h i s  f r u i t  was a n o th e r  flavanone g ly c o s id e , 
e r io d ic ty o l  g lu c o s id e  (22); however, no su p p o rtin g  chem ical ev idence  was 
ever p re s e n te d  f o r  t h i s  c la im . T his compound was no t found i n  th e  s tu d ie s  
re p o r te d  h e re , a lth o u g h  i t  i s  p o s s ib le  th a t  i t  m ight be p re se n t in  some
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o f  th e  f r a c t io n s  n o t in v e s t ig a te d .
A 7 - rham noglucoside o f  iso s a k u ra n e tin  was f i r s t  re p o r te d  in  blooms 
o f  th e  t r i f o l i a t e  o ran g e , P o n c iru s  t r i f o l i a t e , by H a tto r i  e t  a l .  (1 3 ), who 
c a l l e d  t h i s  compound " p o n c ir in " .  I t  has s in ce  been found in  th e  le a v e s  and 
f r u i t  o f  P. t r i f o l i a t e  (14, 15) w hich i s  o f te n  grown as  an  ornam ental shrub  
in  Jap an , and i s  u sed  a s  a  ro o ts to c k  f o r  commercial c i t r u s  v a r i e t i e s  in  
th e  U n ited  S ta te s  and e lsew h ere . S ince  no sample of p o n c ir in  was a v a i l ­
a b l e ,  th e  iso sak u ran e tin -7 -rh am n o g lu co s id e  i s o la te d  from th e  sweet orange 
in  th e s e  s tu d ie s  co u ld  n o t be compared d i r e c t ly  w ith  i t  in  o rd e r  to  d e t e r -  
'' mine i f  th e y  were i d e n t i c a l ,
Ifa rin g in  i s ,  a s  m entioned p re v io u s ly , th e  p r in c ip a l  flavanone g lyco­
s id e  o f  th e  g r a p e f r u i t .  C i t ru s  p a r a d i s i . I t  has a ls o  been re p o r te d  in  
s e v e ra l  o th e r  c i t r u s  f r u i t s ,  in c lu d in g  th e  shaddock (C i t ru s  g r a n d is ) (2 ) , 
th e  so u r orange (C itru s  a u ra n tiu m ) (1 7 ) , and th e  t r i f o l i a t e  orange (P. 
t r i f o l i a t a ) (1 4 ,1 5 ) , b u t  n ever in  the  sweet orange (Ç. s i n e n s i s ) .
Column chrom atography a s  enç>loyed in  th e se  in v e s t ig a t io n s ,  w ith  
tfegneso l a s  a d s o rb a n t, proved  to  be a good method fo r  s e p a ra t io n  o f  some 
c lo s e ly  r e l a t e d  flav an o n e  g ly c o s id e s ,  even when one compound was p re se n t 
in  much g r e a te r  q u a n t i ty  th an  th e  o th e r  c o n s t i tu e n ts  o f th e  m ix tu re . T his 
method was s u c c e s s fu lly  employed fo r  p re p a ra tio n  o f ch ro m a to g rap h ica lly  
p u re  iso sa k u ra n e tin -7 -rh a m n o g lu c o s id e , n a r in g in , and h e s p e r id in .  A lthough 
somewhat te d io u s ,  th e  method co u ld  be employed to  o b ta in  ch ro m ato g rap h ica l­
ly  pure sam ples o f  flav an o n e  g ly c o s id e s ,  such a s  h e s p e r id in ,  f o r  use in  
b io lo g ic a l  s tu d ie s .  Such s tu d ie s  w ith  pure compounds would p rohab ly  a id  
in  rem oving some o f th e  co n fu s io n  reg a rd in g  p o s s ib le  p h y s io lo g ic a l  a c t io n  
o f  f la v a n o n e s .
CHAPTER I I I
STUDIES OF SOME FLAVONOID COMPOUNDS 
FROM THE GRAPEFRUIT
S tu d ie s  on F lavono id  G lycosides from S u n k is t 
N a rin g in ,. P roduct No. 610E2
The s u c c e s s fu l a p p l ic a t io n  o f  th e  p re v io u s ly  d e s c r ib e d  ch roneto— 
g ra p h ic  methods fo r  i s o l a t i o n ,  p u r i f i c a t i o n ,  and id e n t i f i c a t i o n  o f c lo s e ly  
r e l a t e d  flav an o n e  g ly c o s id e s  to  s tu d y  o f  some f la v o n o id  compounds from th e  
sweet orange prom pted a s im i la r  s tu d y  o f  some f la v o n o id s  from th e  g rape­
f r u i t .  A com mercial n a r in g in  p ro d u c t, S u n k is t P roduct No. 610E2, produced 
from th e  p e e l and  p u lp  o f  g r a p e f r u i t  used in  th e  c i t r u s  p ro c e s s in g  indus­
t r y ,  was employed f o r  th e se  s tu d ie s .
C hrom atographic F ra c tio n a tio n  o f 
S u n k is t N aring in
A 6 X 100 cm. c h ro n a to g rap h ic  colim n was p rep a red  by pack ing  to  a 
dep th  o f  72 cm. w ith  Magnesol (dry c le a n in g  g rad e ) s l u r r i e d  in  m ethyl 
a lc o h o l ,  under 5 lb .  a i r  p re s s u re .  Three an d  one h a l f  grams o f  n a r in g in ,
S u n k is t P roduct No. 610E2, were h ea ted  in  m ethyl a lc o h o l f o r  30 m in ., and
some in s o lu b le  brown m a te r ia l  was f i l t e r e d  o u t .  The c le a r  yellow  f i l t r a t e  
was reduced  to  abou t 600 m l. vacuo, c o o led , and  p la ced  on th e  îfegnesol 
colTmn. The column was washed w ith  a sm all g w n t i t y  o f  p u re  m ethyl a lco h o l 
and e lu te d  w ith  w a te r - s a tu ra te d  e th y l  a c e t a t e .
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A group o f  f a i n t l y  v i s ib l e  zones, m ostly  b lu e  f lu o re s c in g ,  b u t in ­
c lu d in g  a few Tdiich f lu o re s c e d  brown and  p a le  green  in  u l t r a v i o l e t  l i g h t ,  
w ere th e  f i r s t  v i s ib l e  su b s tan ces  to  move o f f  the  column. A lthough a few 
o f  th e s e  su b stan ces  may have been f la v o n o id s ,  th e  q u a n t i ty  was so sm all 
and  i t  was so d i f f i c u l t  to  d is t in g u is h  betw een th e  zones th a t  no a ttem p t 
was made to  s e p a ra te  them, an d  th e y  were n o t s tu d ie d  f u r th e r .
In  F igure 7 th e  re n a in in g  zones which appeared  d u rin g  e lu t io n  o f 
t h i s  colram  a r e  shown w ith  th e  d e s ig n a t io n s  given to  them. A narrow  zone, 
c o lo r l e s s  in  v i s ib l e  a n d  y e llo w -g re en  in  u l t r a v io l e t  l i g h t ,  moved o f f  th e  
column nex t and  was d e s ig n a te d  f r a c t io n  610E2C-1. The q u a n t i ty  o f  t h i s  
f r a c t i o n  was a l s o  very  low . The n ex t zone moving down th e  column was a 
b r ig h t  y e llo w -g reen  o n e , c o l le c te d  a s  f r a c t io n  610E2C-2. T h is was fo llo w ­
ed  by a  w ide, b r ig h t  y e llo w -g re en  f lu o re s c in g  zone which ap p eared  to  be 
th e  m ajo r component o f  th e  o r ig in a l  n a r in g in  sam ple. As t h i s  zone moved 
down th e  column a n o th e r  y e llo w -g reen  f lu o re s c in g  zone began s e p a ra t in g  
from  i t s  le a d in g  edge, b u t d id  no t co m p le te ly  se p a ra te  b e fo re  e lu t io n  o f  
th e  m ajor zone began. Hence, th e  s l i g h t l y  f a s t e r  moving zone, p lu s  th e  
f i r s t  p o r t io n  o f  th e  wide zone from w hich i t  was em erging ( f r a c t io n  
610E2C—4) were c o l le c te d  to g e th e r  a s  f r a c t io n  610E2C-3.
In  the  t r a i l i n g  edge o f  th e  m ajor zone, 610E2C-4, th e re  appeared  to  
b e  a  sm a ll, f a i n t  yellow -brow n f lu o re s c in g  zone. This fad ed  a s  i t  moved 
down th e  column, b u t th e  e lu a te  though t to  co n ta in  i t  was c o l le c te d  as 
f r a c t i o n  610E2C-5. Above t h i s  zone on th e  column th e re  w ere s e v e ra l 
f a i n t l y  v i s ib l e  zones, a s  shown by F igure  7 , but th e s e  were so t i g h t l y  
a d so rb e d  on th e  column, and th e  q u a n t i t i e s  appeared  so low, th a t  no a t ­
tem pt was made to  e lu te  them.
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FTCTTOE 7
COLUMN CHROMATOGRAPHIC FRACTIONATION 
OF FLAVONOIDS FROM GRAPEFRUIT







I h in t  Red-Brown 
.Yellow-Green
.f h in t  Yellow -G reen
F h in t Yellow-Brown 
,Yellow-Green
Y e llo w ^ re e n
Yellow'-Green 
r ^ le  Green
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P aper ch rom atograph ic study  o f  th e  f r a c t io n s  o b ta in e d  above in d ic a t ­
ed th a t  f r a c t io n s  610E2C-2,3 and 5 were most l i k e l y  to  c o n ta in  f la v o n o id s  
o th e r  th a n  n a r in g in  in  s u f f ic ie n t  q u a n t i ty  f o r  i d e n t i f i c a t i o n  s tu d ie s .  
T h e re fo re , th e se  f r a c t io n s  were s u b je c te d  to  f u r th e r  in v e s t ig a t io n s .
F u r th e r  P u r i f ic a t io n  and  C h a ra c te r iz a t io n  
o f  F ra c tio n  610E2C-2
F ra c tio n  610E2C-2 was reduced t o  d ryness ija vacuo and  th e  re s id u e  
was d is s o lv e d  in  m ethyl a lc o h o l,  15iis s o lu tio n  was chrom atographed on a 
khgneso l column 4 cm. in  d iam ete r id iich  was packed to  a d ep th  o f  54 cm.
Two g reen  f lu o re s c in g  zones, which paper chrom atography re v e a le d  to  be 
t r a c e s  o f  f r a c t io n s  610E2C-1 and 3 r e s p e c t iv e ly ,  p receded  and t r a i l e d  th e  
m ajor g reen  f lu o re s c in g  zone o f f  th e  column. A lso , a f a in t  g reen  f lu o re s c ­
in g  zone moved o u t o f  th e  m ajor zone, 510E2C-2, moving between i t  and 610 
E2C-1. The m ajor zone was rechrom atographed th re e  more tim es on Magnesol 
columns o f  4 x 84, 4 .5  x 21, and 4 .5  x 30 cm ., id iich  removed a l l  t r a c e s  
o f  61GE2C-1 and 3 from t h i s  f r a c t io n .  However, i t  s t i l l  ap p ea red  to  con­
t a i n  t r a c e s  o f  th e  p a le  g reen  f lu o re s c in g  zone vrtiich moved ju s t  ahead  o f  
i t  on th e  column. As a  r e s u l t  o f  lo s s e s  on th e  columns d u rin g  t h i s  ex­
ten d ed  chrom atography, th e  q u a n ti ty  o f  th e  s t i l l  impure f r a c t io n  610E2C-2 
was reduced  below  t h a t  needed fo r  i d e n t i f i c a t i o n  s tu d y . T h e re fo re , more 
o f  t h i s  su b stan ce  was o b ta in e d  by chrom atograph ic f r a c t io n a t io n  o f  
S u n k is t n a r in g in  a s  d e sc r ib e d  above, and i t  was s u b je c te d  to  f u r th e r  p u r i ­
f i c a t i o n .  However, no sample o f  f r a c t io n  610E2C-2 was e v e r  o b ta in e d  w hich 
d id  n o t ap p ea r t o  c o n ta in  a  t r a c e  o f th e  su b stan ce  moving s l i g h t l y  ahead 
of i t  on colum ns. T h e re fo re , unequ ivocal id e n t i f i c a t i o n  o f  t h i s  f r a c t io n  
was n o t p o s s ib le .
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The Rf v a lu es  o f  f r a c t io n  610E2C-2 i n  BAW (0 .6 7 ) , 15% a c e t i c  a c id  
(0 ,8 1 ) ,  and  d i s t i l l e d  w ate r (0 .5 9 ) d i f f e r e d  from tho se  o f  any a v a i la b le  
re fe re n c e  flavanone  g ly c o s id e  (Tfeble 5 ) ,  When th e  s o lv e n t was ev ap o ra ted  
from f r a c t io n  610E2C-2 a w h ite  s o l i d  w ith  a  t in g e  o f  y e llo w  c o lo r  was ob­
ta in e d ,  T h is su b stan ce  gave an u l t r a v i o l e t  a b so rp tio n  spectrum  which was 
ty p ic a l  f o r  flavanone g ly c o s id e s  (max. 283 and 331 mju ) .
A p o r t io n  o f  f r a c t io n  610E2C-2 was hy d ro ly zed  by r e f lu x in g  i t  w ith  
3% h y d ro c h lo r ic  a c id  f o r  3 h r . ,  and th e  ag lycone  was e x t r a c te d  from th e  
h y d ro ly s is  m ix tu re  w ith  e th y l  a c e ta t e  and  compared ch ro m a to g rap h ica lly  
w ith  re fe re n c e  flavanone ag ly co n es . The ag lycone  checked w ith  a u th e n t ic  
n a r in g e n in  in  Rf v a lu es  i n  BAW, 60% a c e t ic  a c id ,  and NBW s o lv e n t system s.
The d e io n iz e d  aqueous h y d ro ly s is  m ix tu re  was chrom atographed w ith  
re fe re n c e  su g a rs , and th u s  found to  c o n ta in  rhamnose and g lu c o se , ap­
p a re n t ly  in  abou t eq u a l q u a n t i t i e s .  T h e re fo re , f r a c t io n  610E2C-2 ap­
p ea red  to  be a rham noglucoside o f  n a r in g e n in , b u t not th e  common 
n arin g en in -7 -rh am n o g lu co sid e , n a r in g in .  However, the  a d m itte d  im p a rity  
o f th e  f r a c t io n  610E2C-2 p rev en ted  u n eq u iv o ca l c o n firm a tio n  o f t h i s  
co n c lu s io n .
P u r i f ic a t io n  and  I d e n t i f i c a t i o n  o f  F ra c tio n  
610E2C-3 ( I s o sa k u ra n e tin —7-R ham nogluooside}
F ra c tio n  610E2C-3 was reduced  to  d ry n ess  i s  vacuo, d is s o lv e d  in  
m ethyl a lc o h o l ,  and rechrom atographed  on a 4 x 61 cm. îfcgnesol column.
A t r a c e  o f  f r a c t io n  610E2C-2 p reced ed  th e  m ajo r g reen  f lu o re s c in g  zone 
o f f  th e  column, w h ile  a  r e l a t i v e ly  w ide zone, which proved to  be  id e n t i ­
c a l  w ith  f r a c t io n  610E2C-4, n a r in g in ,  fo llo w ed  i t .  The m ajor zone, 
f r a c t io n  610E2C-3, was then  p u r i f i e d  f u r th e r  by su c c e ss iv e  rech ro cfi-
ÏABLE 5
Rf VALUES OF REFERENCE FLAVDNOID GLYCOSIDES AND 
FLAVONOID GLYCOSIDES FBCM! GRAPEFRUIT
S lY ooaide  ___ D i s t i l l e d  W ater 151 A o è tio  A_oid .
n -B u ty l A léoholi A c e tic  
. A c id : W ater ( 6 i l ; 2 )
N a rin g in 0 .6 4 0 .8 0 0 .5 3
P n in in  (N arin g o n in -7 -G ltico s id o  ) 0 .45 0 .72 0 .70
I s o s a k u r a n e t in " 7—R ham noglucoside 
(P p t .  2D-55) 0 .51 0 .79 0 .5 9
R h o ifo l in 0 .15 0 .54 0 .5 0
610E2C-2 0 .59 0 .81 0 .6 7
610E2C-3 0 .5 9 0 .82 0 .6 2
610E2C-5 0 .15 0 ,5 4 0 .5 0
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to g rap h y  on th re e  more i& gnesol colnmns w ith  d im ensions o f  4 x 54, 4 x 72, 
and  4 ,5  x 31 cm. Complete s e p a ra t io n  from t r a c e s  o f  f r a c t io n  610E2C-4, 
n a r in g in ,  was d i f f i c u l t ,  b a t o n ly  one zone u a s  v i s ib l e  on th e  l a s t  colamn 
th ro u g h  advich th e  p u r i f ie d  f r a c t io n  610E2C-3 was p a sse d , and p ap er ch rona- 
togzam s in d ic a te d  t h a t  th e  e lu te d  f r a c t io n  u as  p u re .
P u r i f ie d  f r a c t io n  610E2C-3 was found to  c r y s t a l l i z e  a s  s n a i l  clumps 
o f  n e e d le s ,  th e  m e ltin g  p o in t o f  w hich v a r ie d  w ith  th e  so lv e n t and  con­
d i t io n s  o f  c r y s t a l l i z a t i o n .  The h ig h e s t m e ltin g  c r y s t a l s ,  from e th y l  a lc o ­
h o l ,  had  a m e ltin g  p o in t  o f 209-210°. The u l t r a v i o l e t  a b s o rp tio n  spectrum  
o f t h i s  compound was ty p ic a l  o f  th a t  fo r  flavanone g ly c o s id e s ,  w ith  naxima 
a t  283 and  331 m/^ and minima a t  247 and 312 mij( . Rf v a lu es  f o r  p u r i f ie d  
f r a c t i o n  610E2C-3 in  BAW (0 .6 2 ) ,  151 a c e t i c  a c id  (0 .8 2 ) ,  and  d i s t i l l e d  
w a te r  (0 ,5 9 ) d id  no t a g re e  w ith  th o se  o f  any re fe re n c e  flav an o n e  g lyco­
s id e  a v a i l a b l e .
A sm all p o r t io n  o f  f r a c t io n  610E2C-3 was hy d ro ly zed  by re f lu x in g  
f o r  4 h r .  w ith  3% h y d ro c h lo r ic  a c id ,  and th e  r e s u l t in g  ag lycone was ol>- 
ta in e d  from th e  aqueous h y d ro ly s is  m ix tu re  by e x t r a c t in g  th r e e  tim es w ith  
e th y l  a c e t a t e .  T h is ag lycone was chrom atographed w ith  re fe re n c e  flavanone 
ag ly co n es  in  BAW, 601 a c e t i c  a c id ,  and in  NEW s o lv e n t system s, and  th e  Rf 
v a lu e s  o b ta in e d  (0 ,9 4 , 0 ,8 3 , and  0 ,97) ag ree d  w ith  th o se  f o r  re fe re n c e  
is o s a k u ra n e t in .  The aglycone was th e n  degraded by r e f lu x in g  w ith  30% 
p o ta s s i tm  hydroxide f o r  2 .5  h r . ,  and th e  d e g ra d a tio n  p ro d u c ts  were id e n t i ­
f i e d  by p ap er chrom atography, a s  d e sc r ib e d  in  C hap ter I I . These d eg rad a tio n  
p ro d u c ts  were found to  be p-methoxycinnam ic a c id  and  p h lo ro g lu c in o l ,  thus 
c o n firm in g  th e  ag lycone o f f r a c t io n  610E2C-3 a s  is o s a k u ra n e t in .
The aqueous p o r t io n  o f  th e  h y d ro ly s is  m ix tu re  from f r a c t io n  610E2C-3
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was d e io n iz e d  by io n  exchange r e s in s ,  reduced  j j i  vacuo, and chrom atograph­
e d  a g a in s t  stancfard  su g ar s o lu t io n s .  The sugars  were found to  be rhamnose 
and  g lu c o se .
The p o s i t io n  o f  sug ar a ttach m en t to  th e  ag ly co n e , is o s a k u ra n e t in ,  
was e s ta b l i s h e d  by sp ec tro p h o to m e tric  s tu d ie s .  The m ajor peak o f th e  
u l t r a v i o l e t  a b so rp tio n  spectrum  o f 610E2C—3 was s h i f t e d  from 283 mju( in  
95% e th y l  a lc o h o l to  305 mM. in  0 .04  M a lc o h o l ic  aluminum ch lo rid e^  in d i ­
c a t in g  th a t  th e  5-OH group o f  th e  is o s a k u ra n e t in  was open. S ince th e  4 ' 
p o s i t io n  c o n ta in ed  a methoxy group , th e  sugar was n e c e s s a r i ly  a t ta c h e d  a t  
th e  7 - p o s i t i c n .  S tu d ie s  in  t h i s  la b o ra to ry  w ith  flav an o n es  o f  e s ta b l is h e d  
s t r u c t u r e  re v e a le d  t M t  i f  th e re  was a f re e  -OH group a t  th e  7—p o s i t io n ,  
th e  m ajor peak o f  th e  u l t r a v i o l e t  a b so rp tio n  spectrum  was s h i f te d  to  326- 
327 m/L( tdien s o l id  anhydrous sodium a c e ta te  was added to  an a b s o lu te  e th y l  
a lc o h o l s o lu t io n  o f  a flav a n o n e , and th e  s o lu t io n  was a llow ed  to  s ta n d  f o r  
5 m in. b e fo re  re a d in g  o f  th e  spectrum . I f  th e  7-OH group  was co v ered , how­
e v e r ,  a s  by g ly c o s id a tio n ,  no s h i f t  would occur under th e se  c o n d it io n s .  
(H orow itz (5) a l s o  has r e c e n t ly  n o ted  t h i s  phenomenon.) The spectrum  of 
F ra c t io n  610E2C-3 was no t a f f e c te d  when sodium a c e ta te  was added to  an  
a lc o h o l ic  s o lu t io n  o f  i t ,  th u s  p ro v id in g  added ev idence  th a t  t h i s  com­
pound was a 7 -g ly c o s id e .
F ra c tio n  610E2C-3 w as, th e n , a p p a re n tly  a  7 -rtem nog lucoside  o f  
i s o s a k u ra n e t in .  However, i t  was somewhat d i f f e r e n t  from th e  is o s a k u ra n e t in -  
7-rham nog lucoside  i s o la te d  from th e  orange ( f r a c t io n  P p t. 2D-55 o f  C hap ter 
I I )  in  Rf v a lu e s ,  and  th e  m e ltin g  p o in t o f  th e se  compounds was g r e a t ly  de­
p re s s e d  when th e y  were m ixed. I t  seems p ro b ab le  th a t  th e  d if f e re n c e  nay 
be in  th e  p o s i t io n  o f  a ttach m en t o f  th e  rhamnose to  th e  g lu co se  in  th e
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su g ar m o ie ty . I f  t h i s  i s  th e  c a se , th e  r e la t io n s h ip  between the two i s o -  
sa k u ran e tin -7 -rh am n o g lu co s id es  would be analogous to  th a t  between h e s p e r id in  
and  n e o h e sp e r id in .
P u r i f i c a t io n  and  I d e n t i f i c a t io n  o f  F ra c tio n  
610E2C-5 (R h o ifo lin )
F^per chrom atography o f  f r a c t io n  610E2C-5, th e  f r a c t io n  which was 
tho u g h t to  c o n ta in  a f a i n t  yellow -brow n zone id iich  ap peared  on th e  o r i g i ­
n a l 610E2C column, re v e a le d  th a t  i t  c o n ta in e d  a substan ce  which m ight be 
a  f lav o n e  g ly c o s id e . 610E2C-5 was, th e r e f o r e ,  s u b je c te d  to  f u r th e r  ch ro n a- 
tog raphy  on a 4 x 62 cm. Magnesol column, A wide g reen  f lu o re s c in g  zone, 
w hich proved to  be n a r in g in ,  p receded  a  yellow -brow n f lu o re s c in g  zone down 
th e  column. T his yellow -brow n f lu o re s c in g  zone was rechrom atographed two 
more tim e s , em ploying s u c c e s s iv e ly  4 x 50 and  4 x 50 cm. Itegnesol colum ns. 
Paper chrom atography o f th e  r e s u l t in g  f r a c t io n  610E2C-5 in d ic a te d  th a t  a 
pure compound had been o b ta in e d .
P u r i f ie d  f r a c t io n  610E2C-5 produced sp o ts  on pap er chronetogram s 
w h ich  w ere brown in  u l t r a v i o l e t  l i g h t ,  and ye llow  in  u l t r a v io l e t  l i g h t  
idien exposed to  ammonia vapor o r  a f t e r  sp ray in g  w ith  a lc o h o lic  aluminum 
c h lo r id e ;  th e s e  c o lo r  r e a c t io n s  were ty p ic a l  f o r  f la v o n e s . The Rf va lues 
fo r  t h i s  f r a c t io n  in  BAW (0 .5 0 ) ,  15% a c e t i c  a c id  (0 ,5 4 ) ,  and d i s t i l l e d  
w a te r (0 ,1 5 ) were id e n t i c a l  w ith  th o se  g iven  by a u th e n t ic  co-chronfâ- 
to g rap h ed  r h o i f o l in  (ap ig e n in —7-rham noglucoside ,- see  F igu re  2 and Ih b le  
5 ) ,  The u l t r a v i o l e t  a b s o rp tio n  spectrum  o f  f r a c t io n  610E2C-5 le d  maxima 
a t  268 and  333 m;n and  minima a t  248 and  292 mw , and was found to  be 
i d e n t i c a l  w ith  th e  spectrum  produced by a u th e n t ic  r h o i f o l in  (F igure  8 ) ,
A p o r t io n  o f  p u r i f i e d  f r a c t io n  610E2C-5 was hy d ro ly zed  by r e f lu x —
FIGURE 8
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in g  w ith  3% h y d ro ch lo ric  a c id  fo r  3 h r .  The aglycone was e x tra c te d  from 
th e  aqueous h y d ro ly s is  m ix tu re  w ith  e th y l a c e ta t e ,  and chrom atographed 
a g a in s t  re fe re n c e  flavone ag ly co n es . The R f 's  f o r  th e  aglycone o f  f r a c t io n  
610E2C-5 in  « 9 ), in  60% a c e t ic  (0 .6 6 ) ,  and in  NBW (0 .48) were
found to  correspond  w ith  th o se  o f th e  co-chroma tog raphed  a p ig e n in .
The aqueous s o lu t io n  rem ain ing  a f t e r  th e  aglycone o f  f r a c t io n  
61ÛE2C-5 was e x tra c te d  from th e  h y d ro ly s is  m ix tu re  was d e io n ized  by ion 
exchange r e s in s ,  reduced  iji vacuo to  about 5 m l . ,  and  chrom atographed 
a g a in s t  re fe re n c e  g lu c o se , rM m nose, and a p io se  s o lu t io n s .  The re fe re n c e  
su g ars  in c lu d e d  ap io se  ( te tra h y d ro x y iso v a le ra ld e h y d e )  in  o rd e r to  be 
c e r t a in  t h a t  610E2C-5 was no t th e  7 -ap io g lu co s id e  o f  a p ig e n in , c a l le d  
a p i in ,  id iich  was very  s im i la r  to  r h o i f o l in .  The unknown and re fe re n c e  
su g a r sam ples were chroma tog raphed  in  BAPBW and BAW so lv e n t system s and 
sp ray ed  w ith  o—ami nobiphenyl and a n ilin e -h y d ro g e n  o x a la te  (51) chromo- 
g en ic  r e a g e n ts .  The s o lu t io n  c o n ta in in g  th e  sugars  hydro lyzed  from 
f r a c t io n  610E2C-5 gave sp o ts  which co rresponded  to  g lu co se  and rhamnose 
in  Rf v a lu e s  and c o lo r  r e a c t io n s .  T h e re fo re , f r a c t io n  610E2C-5 was con­
firm ed  a s  ap ig en in -7 —rlam nog lucoside  ( r h o i f o l i n ) .
S tu d ie s  on F lavonoid  Aglycones Produced by H ydro lysis 
o f  S u n k is t N arin g in . P roduct Ko. 610E2
The in v e s t ig a t io n s  d e sc r ib e d  above in d ic a te d  th a t  th e  commercial 
n a r in g in  p ro d u c t, S u n k is t P roduct No, 610E2, c o n ta in ed  s e v e ra l flavanone 
g ly c o s id e s  o th e r  th an  n a r in g in , p lu s  th e  f lav o n e  g ly c o s id e  r h o i f o l in .  
Column chrom atography o f  t h i s  substance  on ifagnesol columns a lso  in d ic a te d  
t h a t  i t  m ight c o n ta in  o th e r  f la v o n o id s , p ro b ab ly  g ly c o s id e s , in  such sm all 
q u a n t i t i e s  th a t  accum ula tion  o f  s u f f i c i e n t  amounts o f  them fo r  s tu d y  would
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be v ery  d i f f i c u l t  em ploying th e  methods used  in  th e  g ly c o s id e  s tu d ie s  de­
s c r ib e d  above. T h e re fo re , S u n k is t n a r in g in  was hy d ro ly zed , and  s tu d ie s  
were i n i t i a t e d  to  determ ine i f  th e  r e s u l t in g  ag lycone m ix tu re  co u ld  be 
f r a c t io n a te d  in  such a manner a s  to  remove th e  b u lk  o f  th e  n a rin g e n in  
p roduced  from o th e r  ag lycones w hich m ight be p r e s e n t ,  th u s  p e rm itt in g  
s tu d y  o f  th e se  ag lycones by pap er chrom atography o r o th e r  methodso
Ify d ro ly s is  and  Chrom atographic F ra c t io n a t io n  
o f  S u n k is t N aring in
E ig h teen  grams o f n a r in g in ,  S u n k is t P roduct No. 610E2, w ere mixed 
w ith  2 1 ,  o f  3% h y d ro c h lo r ic  a c id  and th e  m ix tu re  was re f lu x e d  fo r  4 h r .
The aqueous h y d ro ly s is  m ix tu re  was e x t r a c te d  th re e  tim es w ith  eq u a l volumes 
o f  e th y l  a c e ta t e .  The combined e th y l  a c e ta t e  e x t r a c t s  were reduced  in  
vacuo to  d ry n ess  and d is s o lv e d  in  m ethyl a lc o h o l .  Paper chrom atography 
o f t h i s  m ethyl a lc o h o l s o lu t io n ,  d e s ig n a te d  f r a c t io n  610E2HB, showed th a t  
com plete  h y d ro ly s is  had been  o b ta in e d . These chromatogram s in d ic a te d  th a t  
th e  b u lk  o f  th e  Iq rd ro ly s is  p ro d u c t c o n s is te d  o f  n a r in g e n in , b u t very f a i n t  
s p o ts  re v e a le d  th e  p resence  a l s o  o f  o th e r  ag ly c o n e s .
The m ethyl a lc o h o l s o lu t io n  o f  f r a c t io n  610E2HB \« s  p la c e d  on a 6 x 
65 cm. Itig n eso l column p re p a re d  a s  p re v io u s ly  d e s c r ib e d , and  th e  colamn 
was e lu te d  w ith  w a te r - s a tu ra te d  e th y l  a c e t a t e .  A w ide b lu e  to  b lu e -g re e n  
f lu o re s c in g  zone was th e  f i r s t  to  move down th e  colum n. T h is  was c o l l e c t ­
ed  in  two f r a c t io n s ,  d e s ig n a te d  610E2HB-1 and  2 . T h is  zone was fo llow ed  
by an  a re a  w hich ap p ea red  to  c o n s is t  o f  zones w hich f lu o re s c e d  in  v a rio u s  
shades o f  brown, y e llo w ^ ro w n , y e llo w -g re e n , and  b lu e .  These zones over­
la p p e d  and  were very  d i f f u s e ,  and were th e re fo re  c o l le c te d  to g e th e r  a s  
f r a c t i o n  610E2HB-3, O ther d i f f u s e  zones o f  v a r io u s  f lu o re s c e n c e  rem a-in-
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ed  on th e  c o l man, b u t were n o t e lu te d  fo r  s tu d y  a t  t h i s  tim e ,
ï^ p e r  ch rom atograph ic exam ination  o f  th e  above f r a c t io n s  in d ic a te d  
th a t  f r a c t io n s  610E2HB-1 and 2 c o n s is te d  m ostly  o f n a r in g e n in , and  th ese  
f r a c t io n s  a l s o  gave f a i n t  s p o ts  w hich co rresponded  t o  is o s a ta ra n e tin o  
F ra c tio n  510E2HB-3 produced  a spo t co rre sp o n d in g  to  n a r in g e n in , b u t a lso  
gave o th e r  S3x>ts ■«rfiich ap p ea red  to  be  f la v o n o id  a g ly c o n e s , Of th e  spo ts  
o th e r  th a n  n a r in g e n in , th o se  w hich were p re s e n t  in  g r e a t e s t  c o n c e n tra tio n  
f lu o re s c e d  brown and y e llo w  in  u l t r a v i o l e t  l i g h t ,  and  th e re fo re  appeared  
p o s s ib ly  to  be f lav o n e  and  f la v o n o l aglyconeso  F ra c tio n  610E2HB-3 was 
s u b je c te d  to  f u r th e r  p u r i f i c a t i o n  in  o rd e r  to  t r y  to  i s o la te  and  id e n t i f y  
some o f th e se  brown and  ye llow  f lu o re s c in g  su b s ta n c e s .
F a r th e r  F ra c t io n a t io n  o f  F ra c tio n  510E2HB-3 
E xam ination o f s e v e ra l  so lv e n t com binations on ch ro m a to sc rip s  52. 
c o a ted  w ith  s i l i c i c  a c id  in d ic a te d  t h a t  some s e p a ra t io n  o f  flavone  and 
f la v o n o l ag ly co n es  co u ld  be a t t a in e d  on t h i s  a d so rb a n t, u s in g  e lu t in g  
s o lv e n ts  c o n s is t in g  o f  v a ry in g  p e rce n tag es  o f  ace to n e  in  benzene . There­
f o r e ,  s e p a ra t io n  o f  th e  components o f  f r a c t io n  610E2HB-3 was a ttem p ted  by 
chrom atography on s i l i c i c  a c id ,
A s i l i c i c  a c id  colxann was ja c k e d , u n d er 5 l b ,  a i r  p re s s u re ,  from a 
s lu r r y  o f  s i l i c i c  a c id  ( I fa ll in c k ro d t a n a ly t i c a l  re a g e n t, 100 mesh) in  25% 
ace to n e—75% benzene. F ra c tio n  610E2HB-3 was reduced  to  d ryness in  vacuo 
d is s o lv e d  in  a c e to n e , and  enough benzene was added to  g iv e  a s o lu tio n  of 
25% acetone-75%  benzene . T h is s o lu t io n  was th e n  p la ced  on th e  p re ja re d  
column (d im ensions 6 x 71 cm .), and th e  column was e ia r e d  w ith  25% ace­
to n e  in  benzene under atm osjoheric p r e s s u re ,  A w ide, brown f lu o re s c in g
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z o n e  moved o f f  th e  colamn f i r s t  tç>on e lu t io n ,  fo llow ed  by a b lu e  f lu o r e s c ­
in g  zone, and  o th e r  f a i n t l y  f lu o re s c in g  d i f f u s e  zo n es. The brown f lu o r e s c ­
in g  zone was c o l le c te d  a s  two f r a c t io n s  610E2HB-31 and 32 . Paper chroma­
to g rap h y  o f  th e s e  f r a c t io n s  showed t h a t  a c o n c e n tra tio n  o f  th e  ag ly co n es 
o th e r  th a n  n a r in g e n in  had been o b ta in e d  in  f r a c t io n  510E2HB-32.
F ra c tio n  610E2HB-32 was th e re fo re  reduced  to  d ry n e ss , d is s o lv e d  in  
a c e to n e , and  enough benzejie was added t o  g iv e  a  s o lu t io n  o f  16% ace to n e— 
84% benzene. T h is was chrom atographed on a 4 .5  x 32 cm. s i l i c i c  a c id  
column packed a s  d e s c r ib e d  above from a  s lu r r y  o f s i l i c i c  a c id  i n  16% ace— 
to n e -8 4% benzene, and  th e  column v es  e lu te d  w ith  t h i s  same s o lv e n t .  The 
f r a c t io n s  c o l le c te d  from  t h i s  column, and  th e  zones w hich th e se  f r a c t io n s  
in c lu d e d  w ere: 610E2HB-321, a l l  of th e  e lu a te  c o l le c te d  b e fo re  appearance
o f  th e  f i r s t  p la in ly  v i s i b l e  zone, p o s s ib le  in c lu d in g  a f a in t  yellow -brow n 
f lu o r e s c in g  zone; 610E2HB-322, a yellow -brow n f lu o re s c in g  zone; and  610E2 
HB-322, a red-brow n f lu o re s c in g  zone. P aper chrom atography re v e a le d  th a t  
610E2HB-321 c o n ta in e d  m ostly  n a rin g e n in , t h a t  HB-322 c o n ta in e d  a  sm all 
amount o f  n a r in g e n in , p lu s  two o th e r  su b s ta n c e s  vdiich resem bled  a p ig e n in  
and  th e  f la v o n o l ag lycone  kaem pferol ( 3 , 4 '5 , 7 - te tra h y d ro x y fla v o n e , F igure  
9) in  f lu o re sc e n c e  and Rf v a lu es , and  t h a t  610E2HB-323 c o n ta in e d  m o stly  a 
su b s ta n c e  re sem b lin g  a p ig e n in .  F ra c tio n  610E2HB-322 was chosen fo r  f u r th e r  
s tu d y .
I d e n t i f i c a t i o n  of Kaempferol and  A pigenin  
from F ra c tio n  610E2HB-322
F ra c tio n  610E2HB-322 was rech ro o a to g rap h ed  th ro u g h  a 2 x 40 cm. 
s i l i c i c  a c id  column, a s  d e sc rib e d  fo r  f r a c t io n  610E2HB-32 above, ençîloy- 









v a s  th e  f i r s t  v i s ib l e  sa b s tan o e  to  move o f f  t h i s  colomn, an d  v as  c o l le c te d  
a s  f r a c t io n  610E2HB-3222. T h is  was fo llow ed  by a  red-brow n f lu o re s c in g  
zone, f r a c t io n  610E2HB-3224.
On p ap e r chromatograms f r a c t io n  510E2HB-3222 produced a sp o t w hich 
was p a le  ye llo w  in  v i s i b l e  l i g h t  and  f lu o re s c e d  y e llo w  in  u l t r a v i o l e t  
l i g h t ,  b r ig h t  ye llow  in  u l t r a v i o l e t  l i g h t  when exposed to  ammonia fam es, 
and  yellowy-green in  u l t r a v i o l e t  l i g h t  a f t e r  sp ra y in g  w ith  a lc o h o l ic  a lum i­
num c h lo r id e .  The f lu o re sc e n c e  and th e  E f v a lu e s  o f  t h i s  compound in  BAW 
(0 ,8 8 ) ,  60% a c e t i c  a c id  (0 .5 6 ) ,  and NBW (0 ,50 ) s o lv e n t system s (Table 6) 
w ere id e n t i c a l  w ith  th o s e  o f  co-chrom atographed a u th e n t ic  kaem p fero l.
The u l t r a v i o l e t  a b s o rp tio n  spectrum  o f f r a c t io n  610E2HB-3222 had maxima 
a t  268 and 366 m/^ , w hich co rresponded  w ith  th e  a b s o rp tio n  maxima fo r  
a u th e n t ic  k aem p fe ro l. Thus th e  p re sen ce  o f  kaem pfero l in  S u n k is t n a r in g in ,  
an d  th e re fo re  in  th e  g r a p e f r u i t ,  was e s ta b l i s h e d .  I t  ap p ea red  pirobable 
t h a t  t h i s  compound was p re s e n t  in  th e  o r ig in a l  n a r in g in  p ro d u c t a s  a g ly co ­
s id e ,  b u t t i e t  th e  q u a n t i ty  was too  sm all f o r  i s o l a t i o n  in  th e  o r ig in a l  
g ly c o s id e  s tu d ie s  p re v io u s ly  d e s c r ib e d .
F ra c tio n  610E2HB-S224 produced a sp o t on p ap er chrom atogram s w hich 
f lu o re s c e d  brown in  u l t r a v i o l e t  l i g h t ,  and  %61ch f lu o re s c e d  ye llow  in  
u l t r a v i o l e t  l i g h t  irtien exposed  to  ammonia fumes an d  a f t e r  sp ra y in g  w ith  
almainum c h lo r id e .  The f lu o re sc e n c e  and R f v a lu e s  in  BAW ( 0 .8 9 ) ,  60% 
a c e t i c  a c id  (0 ,6 6 ) ,  and  NBW (0 ,48 ) so lv e n t system s co rresp o n d ed  w ith  th o se  
o f  co -ch ron» tog raphed  a u th e n t ic  a p ig e n in . The u l t r a v i o l e t  a b s o rp tio n  
spjectrum was id e n t i c a l  w ith  t h a t  o f a u th e n t ic  a p ig e n in , w ith  maxima a t  
269 and  332 m)L( , co n firm in g  f r a c t io n  610E2HB-3224 a s  a p ig e n in .  The 
p resen ce  o f  a p ig e n in  in  h yd ro lyzed  S u n k is t n a r in g in  was t o  be ex p ec ted .
TABLE 6
Rf VALUES OF REFERENCE FLAVONOID AGLYCONES AND 
AGLYCONES OF GLYCOSIDES FROM GRAPEFRUIT
A glycone N itro m eth an e i Benzene 
Wa_ter (2 ;3 i5 )
n -B u ty l A lc o h o lt A c e tic  
A cid : W ater (6 :1 :2 )
60% A c e tic  A cid
N arin g en in 0 .82 0 .93 0 .7 7
I s o s a k u ra n e t in 0 .97 0 .9 4 0 .83
A p igen in 0 .46 0 .8 9 0 .66
K aem pferol 0 .50 0 .88 0 .56
610E2C“ 2 0 .82 0 .93 0 .77
610E2C-3 0 .97 0 .94 0 .83
610E2C-5 0 .48 0 .8 9 0 .66
610E2HB~3222 0 .50 0 .88 0 .5 6
610E2HB-3224 0 .48 0 .8 9 0 ,66
t nu>
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s in c e  i t s  7 -rhaninoglucoside, r h o i f o l in ,  had a l re a d y  bee:; i d e n t i f i e d  in  th e  
onhydrolyzed p ro d u c t d u rin g  th e  p re v io u s ly  d e s c r ib e d  g ly c o s id e  s tu d ie s .
C onclusion
The in v e s t ig a t io n s  d e sc r ib e d  above in d ic a te  th a t  th e  f la v o n o id  con­
t e n t  o f  th e  g r a p e f r u i t .  C it ru s  p a r a d i s i . i s  p ro b ab ly  much more conp lex  
th an  has h e re to fo re  been  su sp e c te d . Very l i t t l e  has p re v io u s ly  been  known 
co n ce rn in g  th e  f lav o n o id s  o f  t h i s  f r u i t ;  u n t i l  v e ry  r e c e n t ly  n a r in g in ,  th e  
p r in c ip a l  flavanone g ly c o s id e , was th e  o n ly  f la v o n o id  w hich had  been  id e n t i ­
f i e d  from th i s  so u rc e . Horowitz and G e n ti l i  (53) M ve r e c e n t ly  re p o r te d  
i s o l a t i o n  o f an  iso sa k u ra n e tin -7 -rM m n o g lu c o s id e  from g r a p e f r u i t .  The 
s tu d ie s  d e sc r ib e d  h ere  on f la v o n o id  g ly c o s id e s  from  th e  g r a p e f r u i t  a l s o  
e s ta b l i s h e d  th e  p resen ce  in  t h i s  f r u i t  o f  is o s a k u ra n e tin -7 -r ta m n o g lu c o -  
s id e ,  a s  w ell a s  a n o th e r  flavanone  g ly c o s id e  t i a t  i s  a p p a re n t ly  a rtem no- 
g lu c o s id e  of n a r in g e n in , b u t w hich d i f f e r s  from n a r in g in .  The p ro b ab le  
p re sen ce  o f  o th e r  flavanone  g ly c o s id e s  was in d ic a te d ,  and th e  p re sen ce  o f 
th e  fla v o n e  g ly c o s id e  r h o i f o l in  was e s ta b l i s h e d .  S tu d ie s  on th e  f la v o -  
n o id  ag lycones o b ta in e d  by h y d ro ly s is  o f  g ly c o s id e s  from th e  g r a p e f r u i t  
e s ta b l i s h e d  th e  p re sen ce  o f  th e  f la v o n o l k aem p fero l, w hich p ro b ab ly  oc­
c u rs  in  th e  f r u i t  a s  a  g ly c o s id e . I n d ic a t io n s  w ere th a t  a l l  o f  th e s e  
compounds o ccu rred  in  much sm a lle r  q u a n t i ty  t t e n  n a r in g in ,  th e  p r in c ip a l  
g ly c o s id e .  The q u a n t i ty  o f  kaençsfero l, and  hence o f  any g ly c o s id e  from 
w hich t h i s  ag lycone m ight have been hyd ro ly zed , appeared  p a r t i c u l a r l y  low .
The 7-rham noglucosides o f is o s a k u ra n e t in  and  n a r in g e n in , id iich  d i f ­
f e r  o n ly  in  th e  m é th y la tio n  o f  one hydroxyl g roup , the  4 '- g r o u p ,  have been 
found to  e x i s t  to g e th e r  in  two o th e r  so u rces  -  i n  th e  t r i f o l i a t e  orange
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by H a tto r i  e t  (14 ,15) and in  th e  sw eet o range a s  re p o rte d  in  t h i s  
th e s i s  r e s e a rc h . Hence, i t  ap p ea rs  lo g ic a l  th a t  an  analagous s i tu a t io n  
shou ld  be found to  e x i s t  in  th e  g r a p e f r u i t .
The q u e s tio n  re g a rd in g  why th e  iso sak u ran e tin -7 -rh an m o g lu co s id es  
i s o la te d  from th e  orange and th e  g r a p e f r u i t  a r e  d i f f e r e n t  cannot be 
answ ered on th e  b a s is  o f  th e  ev idence now a v a i la b l e .  I t  ap p ea rs  th a t  
t h i s  d if f e r e n c e  i s  most p robab ly  in  th e  p o in t o f  a ttachm en t o f  th e  
rhamnose to  th e  g lucose  in  th e  su g ar m o ie ty . The b a s is  o f  t h i s  hy­
p o th e s is  i s  an  analogous s i tu a t io n  w hich e x i s t s  in  th e  case o f  h e s p e r id in  
and  n e o h e sp e rid in  (ITr).
The o ccu rrence  o f  n a r in g e n in , a p ig e n in , and kaem pferol in  th e  
g r a p e f r u i t  shou ld  be o f  i n t e r e s t  in  s tu d ie s  on th e  b io sy n th e s is  o f 
f la v o n o id s . These th re e  f la v o n o id s  le v e  i d e n t i c a l  p a t te rn s  o f  hydroxy- 
l a t i ^ n  -in th e  benzene r in g s ,  and d i f f e r  on ly  in  th e  le v e l of o x id a tio n  
o f  th e  h e te ro c y c l ic  r in g .  Thus i t  would ap p ea r t M t  th e se  compounds 
m ight a l l  be produced from a common p re c u rs o r ,  id iich  would su p p o rt the  
th e o ry  th a t  in te rc o n v e rs io n  between th e  v a r io u s  c la s s e s  o f  f la v o n o id s  
o ccu rs  in  th e  p la n t c e l l .
The ch ro n e to g rap h ic  methods developed  in  th e  s tu d ie s  o f th e  
flavanone  g ly c o s id e s  o f  th e  sweet orange proved to  be u se fu l a l s o  in  
th e  s tu d ie s  o f  th e  g r a p e f r u i t  f la v o n o id s . Column chronetography , em­
p lo y in g  s i l i c i c  a c id  a s  a d so rb a n t, a l s o  proved  u s e fu l  in th e  s tu d ie s  on 
ag ly co n es produced by h y d ro ly s is  o f  th e  f la v o n o id  g ly c o sid es  from g rap e­
f r u i t ,  I t  ap p ea rs  th a t  by f u r th e r  re fin em en t o f  te ch n iq u e , em ploying bo th  
îfagnesol and s i l i c i c  a c id  colum ns, m ethods f o r  com plete s e p a ra t io n s  o f  
f la v o n e , f la v o n o l ,  and flavanone  ag ly co n es cou ld  be developed .
CmPTEE IV 
SUMMARY
The f la v o n o id  compounds found in  c i t r u s  f r u i t s  have re c e iv e d  con­
s id e ra b le  a t t e n t i o n ,  p r in c ip a l ly  becau se  o f  t h e i r  p o s s ib le  p h y s io lo g ic a l 
a c t i v i t y .  However, l i t t l e  was known o f th e  in d iv id u a l  f la v o n o id  co n te n t 
o f  th e  v a r io u s  f r u i t s ,  p rev io u s  in v e s t ig a t io n s  hav ing  u s u a lly  succeeded  
on ly  in  id e n t i f y in g  th e  one o r  two f la v o n o id s  p re se n t in  g r e a t e s t  q u a n t i­
ty  in  a  p a r t i c u l a r  f r u i t .  T h is  s i t u a t io n  was a t t r i b u t e d  t o  ex trem e d i f f i ­
c u l ty  in  s e p a ra t in g  c lo s e ly  r e l a t e d  f la v o n o id  g ly c o s id e s .
ELavonoid p re p a ra t io n s  from th e  sw eet orangre. C it ru s  s in e n s i s ,  were 
su b je c te d  to  s tu d ie s  by chrom atograph ic  te ch n iq u es  fo r  th e  purpose o f  f in d ­
in g  a method o f s e p a ra t in g  c lo s e ly  r e l a t e d  f la v o n o id  g ly c o s id e s .  Column 
chromatocfraphy, em ploying ifecfnesol a s  a d so rh a n t an d  w a te r - s a tu ra te d  e th y l  
a c e ta te  a s  e l u t in g  s o lv e n t ,  proved t o  be a  good method f o r  s e p a ra t io n  o f  
some c lo s e ly  r e l a t e d  flavanone  g ly c o s id e s j  even g ly c o s id e s  p re se n t o n ly  
in  t r a c e  q u a n t i t i e s  were i s o la te d  by means o f  t h i s  p ro ced u re . By re p e a t­
ed passage th ro u g h  a p p ro p r ia te  s iz e s  o f  Ifagnesol colum ns, th e  i s o la te d  
f r a c t io n s  w ere p u r i f i e d ,  and  e v e n tu a lly  ch rom atogrraph ically  p u re  com­
pounds were o b ta in e d .
I d e n t i f i c a t i o n  o f  pure flav an o n e  g ly c o s id e s  o b ta in e d  by column 
chromatogrraphy was ach iev ed  by a com bii»ation o f  semi-^nicro and  p ap er 
ch rom atograph ic te c h n iq u e s . A method f o r  p o s i t iv e  i d e n t i f i c a t i o n  o f  v ery
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sm all q io a n ti t ie s  o f  f lav an o n e  ag lycones o b ta in ed  by h y d ro ly s is  o f p u r i f i e d  
g ly c o s id e s  was developed  by a (O p tin g  to  sem i-m icro s c a le  th e  acjtieotis po- 
ta ss itu n  hydroxide degracJation  o f  flavanones^  and id e n t i f y in g  th e  degra­
d a t io n  p ro d u c ts  by p ap er chrom atography. Employing th e se  m ethods, two 
flav an o n e  g ly c o s id e s  nev er b e fo re  found in  th e  sw eet o ran g e , iso sa k u ra n e -  
tin -7 -rh a m n o g lu c o sid e  and n a r in g in ,  were i d e n t i f i e d ,  H esp e rid in , th e  
p r in c ip a l  flavanone  g ly c o s id e  o f  th e  sweet orange, was p rep a red  in  cdiroma- 
to g ra p h io a l ly  p u re  form .
The ch rom atograph ic p rocedu res  developed  in  s tu d ie s  on th e  sweet 
orange f la v o n o id s  were a p p l ie d  to  in v e s t ig a t io n  o f  a  f la v o n o id  p rep a ­
r a t i o n  from th e  g r a p e f r u i t .  C it ru s  p a r a d i s i . Iso sa k u ra n e tin -7 -r ie m n o - 
g lu c o s id e  and  a n o th e r  flav an o n e  g ly c o s id e  w hich ap p ea red  to  be a  rlmmno- 
g lu c o s id e  o f  n a r in g e n in , b u t d i f f e r e d  from th e  p r in c ip a l  g ly c o s id e  o f th e  
g r a p e f r u i t ,  n a r in g in  (n a rin g e n in -7 -rh am n o g lu co s id e ) , were i s o la te d .  A 
fla v o n e  g ly c o s id e , r h o i f o l in  (ap ig en in —7-riam n o g lu co sid e ) was a l s o  id e n t i ­
f i e d  in  th e  g r a p e f r u i t  f la v o n o id  p re p a ra t io n .
The iso sa k u ia n e tin -7 -rh a in n o g lu c o s id e s  i s o la te d  from th e  sw eet orange 
and  g r a p e f r u i t  d i f f e r e d  s l i g h t l y ,  th e  d if f e re n c e  betw een th e  two conçounds 
p o s s ib ly  b e in g  in  p o s i t io n  o f  th e  lin k a g e  o f  rhamnose to  g lu co se  in  th e  
su g ar m oiety  o f  th e  m o lecu le .
The f la v o n o id  ag ly co n es  o b ta in e d  by h y d ro ly s is  o f th e  g r a p e f ru i t  
f la v o n o id  p re p a ra t io n  were f r a c t io n a te d  by chrom atography, f i r s t  on 
ïfegneso l and th e n  on s i l i c i c  a c id  colum ns. A pigenin  and th e  f la v o n o l 
ag ly co n e  kaem pferol w ere i s o la te d  and id e n t i f i e d  in  t h i s  m anner. I t  i s  
l i k e l y  t h a t  kaem pfero l e x i s t s  in  th e  g r a p e f r u i t  a s  a  g ly c o s id e , b u t th e  
c ju a n tity  i s  so sm all th a t ,  i t  was no t d e te c te d  in  th e  p rev io u s  g ly c o s id e  
s tu d ie s .
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